Chemistry of Natural Products Biflavanoids by Ansari, Wajid Hussain
CHEMISTRY OF NATURAL PRODUCTS 
BIFLAVANOIDS 
R E ^ T Q J M J E : 
THESIS SUBMITTED FOR THE 
DEGREE OF DOCTOR OF PHILOSOPHY 
IN 
CHEMISTRY 
January, 1975 WAJID HUSSAIN ANSARI 
ALiGARH MUSLIM UNIVERSITY 
ALIGARH 
R E S U M E 
The theore t i ca l part of the t he s i s gives a c r i t i c a l review of 
the chemistry of biflavanoids and highlights the recent advances in 
the ana ly t ica l techniques applied to t h e i r i so la t ion and s t ructure 
elucidat ion. 
The work described in the thes i s consis ts of the i so la t ion 
and character izat ion of the biflavanoids from the leaves of the 
following two p lan t s : 
1, Garcinia dulc is Kxirz (Guttifereae) and 
2. Araucaria cxxnninghamli Ait (Araucariaceae) 
UV, NM and Mass spectra l studies have been used in s tructure 
elucidat ion, 
Biflavanoids from Garcinia dulc is ; 
The biflavanoid mixture obtained from the leaves of Garcinia 
dulc is on solvent fractionation and colunn. chromatography followed 
by preparat ive-layer chromatography was resolved into the following 
const i tuents : 
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1 . 
2, 
3 . 
4. 
5. 
I I -3 ' ,1 -4 ' ,11-4 ' , I -5 , I I -5 , I -7 , I I -7 -H0ptahydroxy 
flavanone Cl -3 , I I -8 I ] fla-rone (Morelloflavone). 
11-3•, 1-4 ' , II-4S1-5,11-5,1-7,I l-7-i leptahydroxy C1-3 , IT-8abiaaV8nori9(GB-2a)l 
1-4' ,11-4 ' , I -5 ,n-5,I-7,II-7-HexahydroxyD:-3 ' ,11-83 biflavone(AineMflavone^j 
1-4' ,11-4 ' ,1-5,11-5,1-7,11-7-Hexahydroxy f l a v a i i o n e D - 3 , I I - 6 l l £ l a v o r « » j ^ ; 
1-4' ,1-5,11-5,1-7,II-7-Pentahydro3!y flavanon8a-3,II-8:Dchromone 
I-4 ' , I -5 , I I -5 , I -7 , I I -7-Pen. tahydroxy flavanone Cl-3,II-832hromone(| 
i s a new compound and i s being reported here for the f i r s t time. 
(LXXXIIa) OH 0 
The occurrence of amentoflavone cons t i tu tes the second example 
for the presence of flavone-flavone type biflavone in Garcinia 
species . I t s co-occurrence vrith theC 1-3,3"I-8lllinked biflavsnoids 
- 3 -
comprising of reduced heterocyclic r ings i s also noteworthy. 
A very signif icant and in te res t ing observation i s the opening 
of the cbroHianone r ing of the second uni t of GB-2a to give fLavanone-
chalcone s t ructure (LXXXIV) during methylation with Me„SO, and ^J^O 
acetone. 
I 
CH3O OCH3 
PCH3 
o e H s / / v^  OCH3 
CH30 
(LXXXIV) 
" Lf " 
Biflavones from Araucaria curminffhamii; 
The phenolic extract ives of the leaves of AraTJCaria cmininj?hami^ 
gave the following biflavones: 
(I) I-^-O-Methyl agathisflavone 
(II) II-7-O-Kethyl anBntoflavone, an optically active compound. 
(III) Cupressuflavone monomethyl ether 
(IV) Hinokiflavone 
(V) II-4',I-7-Di-0-methyl agathisflavone 
(VI) I-4',II-7-Di-0-methyl amentoflavone 
(VII) 1-7, II-7-Di-O-methyl cupressuflavone (Bisgenkwanin) 
(VIII) Hinokiflavone monomethyl ether 
(IX) I-4',II-4',II-7-Tri-0-metl;yl amentoflavone (Kayaflavone) 
(X) I-4',I-7,II-7-Tri-0-metl:r5rl cupressuflavone 
(XI) I-4',II-4',I-7,n-7-Tetra-0-metl5rl amentoflavone 
(XII) 1-4 ' , I I -4 ' ,1-7,II-7-Tetra-O-methyl cupressuflavone 
Those marked vath as te r i sks are enly detected (TLC). 
I I - 4 ' , 1-5,II-5,1-7-Tetrahydroxy-I-4' ,n -7-d i -0-methyl C1-3 ' ^ H - S ^ 
biflBVone ( H i ) i s ident if ied as a new op t i ca l ly active compound and 
I I - 4 ' ,1-5,11-5-tr ihydroxy-I-4 ' , I -7 , I I -7 - t r i -0 -methy l C l - 8 , I I - 8 1 b i f lavoi i^J l I Ie ) 
- 5 -
constitutes the first report of the isolation and characterisation 
of the naturslly occurring trimethyl ether in the cupressufLavone 
series. 
(Hi) 
CH-p 
CH3O 
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T H S O R S T I C A L 
I N T R O D U C T I O N 
The plant pigments belong to a group of natural organic corapouads 
and are among the e a r l i e s t dyestuffs known. These can be divided dnto two 
l a rge groups, flavanoids and caratenoids. Flavanoid compounds have a t t r ac t ed 
a t t en t ion of plant chemists for many centuries* The use of quercetin bark 
was an established pract ice in the dyeing and pr in t ing industry during the 
middle ages. Ear l i e r s t i l l , ce r ta in ber r ies , containing t h i s c l a s s of 
conspounds, were used for the purpose of dyeing. The name ' fLavone' ( l a t i n , 
fLavas-yellow) in which two benzene r ings are linked by a propane bridge 
(0.-0-0-0-0/) except in isofLavones in which the arrangement i s (G/i-C-p-C), 
was f i r s t introduced into chemical l i t e r a t u r e in 1895 by Von Kostanecki and 
Tambor. The flavanoids include chalcones, dihydrochalcones, aurones, fLavanones, 
fLavones, isofLavones, fLavonols, 2,3-dihydrofLavonols (fLavanonols), fLavan-
3,4--diols (leucoanthocyanidins), anthocyanidins and ca techins . 
The f i r s t fLavone to be isolated in the pure s t a t e was chrysin from 
jxsplar buds. Lat te r studies on plant colouring matters led to t he i so la t ion , 
s t ruc ture determination and synthesis of a la rge number of flavanoids. They 
vary in oxidation s t a t e s , the catechins representing the lowest and the 
fLavonols the highest oxidation l e v e l s . Many interconversions of the fLavanoids 
are possible in the laboratory as shown in Chart 1. 
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3 
Elavanoids ex is t in large number of woody plant genera, both hardwoods 
and soft woods. The unusual res is tance of ce r ta in species of wood r e s u l t s from 
the presence of minor amounts of extraneous components which are toxic to 
fungi and other wood attacking organisms. The most potent fungicidal material 
in Douglas f i r , was found to be dihydroquercetin, Quercetin and nQTricetin 
have also been shown to have growth regulat ing a c t i v i t y against wood-rotting 
fungi. The study of d i s t r ibu t ion of flavanoids in p lants i s of great chemo-
taxonomic value. 
Flavanoids are of commercial i n t e re s t as antioxidants for fa ts and 
o i l s ^' . The antioxidant property of a number of flavanoids has beari studied . 
1c Sobinetin and Gossypetin were claimed as the most potent . They are also of 
economic iuiportance in the tanning of lea ther , the fermentation of tea , the 
2a b 
manufacture of cocoa and in the flavour q u a l i t i e s of foodstuffs ' • 
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Numerous physiological a c t i v i t i e s have been a t t r ibu ted to flavanoids . 
The potent uses of flavanoids may be l i s t e d as vitamin P a c t i v i t y ( i . e . the 
property of reducing the cap i l l a ry f r a g i l i t y and permeabil i ty); d iu re t i c act ion; 
treatment of a l lergy; protection against X-rays and other radia t ion in jur ies ; 
cure of f ros tb i te ; an t ibac te r i a l a c t i v i t y ; prophylactic act ion; oestrogenic 
a c t i v i t y and antitumor effects . Seshadri e t , a l . have reported an in te res t ing 
medical use for the extract of the leaveo of Ginkgo biloba L. The extract , 
marketed in West Germany tinder the name "Tebonin" i s said to have the following 
proper t ies . 
"(a) possesses blood-flow increasing and vascular d i l a t i ng proper t ies 
and i s recommended for use in hormonal, vascular, blood-fLow and nutr ional 
disorders , (b) the use of Tebonin ovor a long period leads to the healing 
of chronic vasotropic ulcers , (c) cerebral blood-fLow deficiency due to 
cerebrosclerot ic vascxilar processes also rssponds favourably, and (d) in cases 
of high blood pressure Tebonin has beneficial effects while in normal or low 
blood pressures no effect i s noticed". 
The use of various flavones and bifLavones as peripheral vasodilat ion, 
antibradykinin and antispasmogenic a c t i v i t y have been reported. Recently i t was 
fo\md t h a t screening of about 300 chalcone, flavanone, flavone, flavonol, and 
acetophenone der ivat ives , 44 compounds had e i ther hypotensive, analgesic, 
anti-inflammatory, antithrombotic, sedative or antifungal a c t i v i t y . Halosubsti-
tuted flavones were more active than corresponding flavanones, but a l l flavanone 
der ivat ives were inactive, suggesting tha t pharmacological a c t i v i t y was dependent 
on the presence or absence of a double bond in the 2-3 pos i t ion , Dorivativos 
with subst i tu t ions in the 7-posit ion were more act ive than those with subs t i -
tu t ions in other pos i t ions . Although 6-halogeno-and 6-carboxyhalogQno-flavones 
were inactive, the corresponding chalcones and those with 4'-mQthoxy groups 
were ac t ive . 4-Aminohalogenochalcones without a hydro^qjr group in the 2 ' -pos i t ion 
had analgesic act ions while those with hydroxy groups in the 2 ' -pos i t ion had 
hypotensive effects. Dermatophyte activity was inhibited by free phenyl 
nucleus substitution of 2'-hydroxy chalcone with thiophene, pyridine and 
quinoline. 
In recent years a number of natural products have been discovered, 
which are dimers of simpler compounds. BifLavanoids are the most recent 
addition to this class which are recognised by having two flavanoid units and 
mostly isolated from Gymnospermae. Among the angiosperms, some plants belong-
7 8 9 10 11 12 
ing to Guttiferae ' , Euphorbiaceae ' , Caprifoliaceae , Archegoniateae , 
Ochanaceae and Anacardiaceae and some ferns belonging to Selaginellaceae 
have been found to contain bifLavanoids. 
g 
New Nomenclatxire for BifLavanoids t 
After consideration of the views of Professors W.D.Ollis, N.Kawano, 
T.R.Seshadri, and Drs. A.Pelter, R.3, Cahn, and L.G, Gross, the following 
systematic nomenclature has been evolved in an effort to rationalize the 
multiplicity of systems currently in use for bifLavanones and related flavanoid 
polymers. 
In this nomenclature the generic term 'bifLavanoid' has been adopted in 
preference to biflavonoid or bifLavonyl to describe the family of flavanoid 
dimers, since in general the sattirated system is regarded as the parent for 
the purposes of nomenclatvire. ThQ ending 'oid' may then be modified to cover 
specific types of flavanoid dimers such as biflavanone, biflavone, biflavan, etc. 
6 
and for naxed systems flavanone-Cavone, This system follows general 
I.U.P.A.C, Policy; the unmodified monomer nomenclatxire being u t i l i s e d 
as a generic term in the naming of dimeric, t r imer ic , and tetrameric e t c . 
der ivat ives by inser t ion of the appropriate Greek pref ices , b i - , t e r - , q u a t e r , 
e t c . , giving biflavanoid, terflavanoid, quaterflavemoid, e t c . 
To identify specific r ings and r ing posi t ions in flavanoids 
and t h e i r polymeric der ivat ives , the present long accepted system 
(examplifLed in formula (I) for naringenin) i s retained extending i t 
in the case of polymeric flavanoids by assignijig to each nonomer 
uni t a Roman numeral, I , I I , I I I e t c . , running in sequence from one end 
of the molecule to the other . The points of l inkage between neighbouring 
flavanoid un i t s are ident i f ied by a combination of a Roman numeral 
(to identify the flavanoid tmit) and an Arabic ntuneral (to ident i fy 
the posit ion of the interflavanoid l i n k ) , the two numbers being 
coupled with a hyphen and enclosed within square brackets. 
This nomenclature has been demonstrated here by a few 
examples: 
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( i ) GB-l(lXa) 
6' 5' 
I I - 3 , 1 - 4 ' , I I - 4 S 1 - 5 , I I - 5 , 
1-7, II-7-heptahydroxyC 1-3,11-8 3 
bifLavanone. 
(ii) Amentoflavone (Ha) 
OH 0 
1-4', I I - 4 ' , 1-5, I I -5 ,1 -7 , II-7-h93<abydroxy 
C l -3 ' - I I - 8 I l bifl-avone. 
( i i i ) HinokifLavone (XVa) j ^ - . 
HO 
OH 0 
II-4«, 1-5,II-5,1-7,II-7-pentahydroxy 
C I-4» -0 - I I -6 3 biflavone. 
(iv) Volkensiflavone (Vllg) 
s 
O H 0 
1-4', I I - 4 ' , 1-5, I I - 5 , 1-7, Il-V-hexahydroxy 
fLavaxione CI -3 , I I -8D flavone. 
OH 0 
3 
Class i f ica t ion of BiflavaDoids; 
The biflavanoids may be c las s i f i ed under two main headings: 
(A) C-C-Linked Biflavanoids, and 
(B) C-0-C-Linked Biflavanoids. 
A. G-C^Llnked Biflavanoiis; 
Depending upon the nature of the const i tuent monomeric un i t s and of the 
posi t ion of l inkage, we have different s e r i e s , 
1. Amentoflavpne Series; 
These are derived from two apigenin un i t s wi thCI-3SII -SZI linkage 
and are reprasonted by sixteen members with amentofLavone (Ha) as the 
parent compotmd. 
OR3 0 R,0 
OR/; 0 
(II) 
(a) AmentofLavone''''''^''^ 
(b) I-7-O-Methyl-
(Sequo iaflavone) 
^1 ^2 
H H 
Me H 
H 
H 
H 
H 
" 5 
H 
H 
"6 
H 
H 
1 
(p) I - 4 S I I - 4 . S I - 5 , 1 1 - 5 , 35 
1-7,II-T-Hexa-O-methyl-^^ 
(c) I-4'-0-Methyl- H H H H Me H 
(Bilobetin)^ ' ' '^^ 
(d) II-7-O-Methyl-^^^'^'^ H Me H H H H 
(e) II-4 ' -0-Methyl-
/c ^ ^ A>'7,26 H H H H H Me 
(Podocarpusf lavone A) ' 
(f) I-4..,I-7-Ui-0-methyl- I>fe H H H Me H 
( g ) I - 4 « , 1 1 - 4 « - D i - O - m e t h y l -
1^ . , X. N 2 0 - 2 2 , 2 6 H H H H Me Me 
(Isoginkgetin) ' 
(h) 1-7, II-4' -Di-O-metbyl-
._ , _, „.26 Me H H H H Me 
(Podocarpusflavone B) 
(i) I-4»,II-7-Di-0-niethyl-^^ H Me H H Me H 
(j) I-7,II-7-Di-0-methyl-^^° Me Me H H H H 
(k) 1-7,11-7,11-4'-Tri-O-methyl-
(HeveaGavone)10^>^° M^ Me H H H Me 
(1) 1-4',II-4',II-7-Tri-O-methyl-
(Kayaflavone)29>3l H Me H H Me Me 
(m) 1-7,1-4' ,11-4' -Tri-O-methyl-
.„ . , ,. . v20-22,26,27 Me H H H Me Me (Sciadopitysin) ' ' 
(n) I-4',I-7,II-7-Tri-0-nisthyl-^^° Me Me H H Me H 
(o) 1-4',11-4',I-7,II-7-Tetra-0-
inetbyl-^2,33,34 Me Me H H Me Me 
Me f^e Me Me Me Me 
Sotetsuflavone (lld) has been reported as the sole biflavone of 
24 Gycas revoluta Thiinb . However, reinvestigation of this plant revealed that 
the reported sotetsuflavone is a mixture, major part of which is amentoflavone 
and minor components are methyl ethers of amentoflavone ' , II-7-O-Methyl-
amentoflavone (lid) has, however, been recently isolated from Araucaria cookii I 
1 1 
2. C-gpressuflavpne Series; 
These are derived from two apigenin tmits with CI-S, II-8 U linkage 
and are represented by seven members. CupressufLavone is the parent compound 
while the other six are its partial methyl ethers. 
R,0 
R2O 
OR3 0 
OR/. 0 
(III) 
(a) CupressufLavone 
(b) I-7-O-MethyP^'^^ 
(c) 1-7,11-7-Di-O-methyl^'^^ 
(d) I - 4 S I - 7 ( 0 r I I - 4 ' , I - 7 ) -
Di-0-ffiethyl23c 
29 ( e) 1-7, I I -7 ,1 -4 ' -T ri-O-methylt ' 
(f) I-4», I I - 4 ' , 1-7, II-7-T e t r a -
0-inethyl4P 
* (g) 1-4', I I - 4 ' , 1-5,1-7, I I - 7 -
Penta-0-metliylT:? 
"1 
H 
Me 
Me 
H 
H ' 
Me 
^3 
H 
H 
H 
Me H H 
Me Me H 
Me Me H 
H 
H 
H 
H 
Me Me Me H 
H 
H 
H 
H 
H 
H 
orr H R^-Me^'-'R.-Me 
H Me 
Me 
Me 
H 
Me 
Me 
» Synthetic. 
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The structiire of I-4», 11-4'-di-0-methyl cupressuflavone, i so la ted 
from Araucaria cunninghamii and A.c'ookir^* has bean revised to I - 7 , I I - 7 - d i -
O-methylcupresauflavoner-^ . 
3 . Agathisflavone Series; 
These are derived from apigenin with C 1-6,11-83 linkage and are 
represented by five members. Agathisflavone, the parent compovmd, was for 
the f i r s t time obtained dttring isomerization of cupresstifLavone , I t has 
recent ly been isolated from the leaves of Agathis alba , 
(IV) 
(a) Agathisilavone ' 
(b) I-V-O-Methyl^^'^^'^^ 
(Agathisflavone A) 
,39 (c) 1-7,II-7-Di-O-methyl" 
(d) 1-7, II-4-' -Di-O-methyl 
(Agathisflavone 3)^'^'^^ 
( e) 1-7, II-7, II-4' -Tr i-0-methyl' 23c 
•'l 
H 
Me 
Me 
«2 
H 
H 
Me 
S 
H 
H 
H 
\ 
H 
H 
H 
^ 
H 
H 
H 
«( 
H 
H 
. H 
Me H H H H Me 
Me Me H H H Me 
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4» Bobustaflavone Series : 
These are derived from two apigenin un i t s withC 1-3' ,H""63linkage 
and are represented by three members. Robustaflavone i s the par«i t compound^'' 
and the other tvio are i t s mono-and-di-methylethers, characterized only as t h e i r 
Complete methyl ethers . 
'/ \V0H 
(V) 
5. 1-2.3-Dihydro.ameto£lavone Series : 
These are derived from a naringenin and an apigendn uni t with 
flavanoneCZ I-3*,11~SI1 Q-avone linkage, and are represented by three members with 
2,3-dihydroamentoflavon3 as the parent compound while the other two are i t s 
p a r t i a l methyl e thers . 
R^O 0 
(VI) 
(a) 1-2,3-Dihydroamento|lawne-^ ' ^ 
(b) 11-7,11-4 ' -Di-0-methyl^^ '^ 
(c) X-7,1-4' , I I - 4 ' -Tri-0-methyl^^ 
H 
H 
Me 
H 
Me 
H 
»3 
H 
H 
H 
H 
H 
H 
H 
H 
Me 
='6 
H 
Me 
Me 
1 4 
6, BCSi Series; 
These are derived from a naringenin and an apigenia or a l u t e o l i n 
un i t vdth fLavanone CI-.3,11-83 flavone linkage, and are represented by 
BGH-III and BGH-II as the parent compotinds respect ive ly . 
R 2 0 Y ^ : N S ^ " \ / / XyoRg 
(VII) 
(a) BGH-II( Nbrello flavone/ 
Pukugetin)'^*^°'^^ 
(b) II-3'-0-Methyl^' ' 
*(c) 1-4', I I - 4 ' , 1-5,1-7,11-7- .p 
Penta-O-aiethyl-II-3' -methosqr-
*(d) I - 4 ' , I I - 4 ' , 11-5,1-7,11-7 .p 
Penta-O-inethyl-II-3' -metboxyl 
*(e) I - 4 ' , I I - 4 ' , I - 7 , I I - 7 - T e t r a -
O-ntethyl-II-3' -methoxyi^ 
*( f) I I - 4 ' , 1-7, II-7-Tri-O-iflethyl-
I I - 3 ' -methoxyd-^ 
(g) BHG-III(TalbotallaVDne/ 
volkensiflavone) ^* ^^ ^^ 
^ ^1 ^2 ^3 \ ^ ^6 
OH H H H H 
OMe H H H H 
OMe Me Me H H 
H H H H H 
H 
H 
H 
H 
H 
OMe Me Me Me H Me Me 
OMe Me Me H Me Me Me 
OMe Me Me H H Me Me 
Me 
H H 
* Synthetic. 
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7. WGH Se r i e s ' ; 
Two neii bifLavones, WGH-II and WQH-III have been synthesised by 
dehydrogenation of BGH-II and BGH-III, respect ive ly . 
OH. 0 
(VIII) 
(a) I I - 3 ' , 1-4', I I - 4 ' , 1-5,II-5,1-7, I I -7 , -Heptahydioxy 
CI-3,11-83 biflavone (WGH-II Orsaharanflavone)'^. 
(b) 1-4', I I - 4 ' , 1-5, I I -5 ,1 -7 , II-7-Hexahydroxy 
L 1-3,11-83 biflavone (WGH-III)'^ 
8 . 6&-Series^'^'^"^^: 
R 
OH 
H 
This se r ies comprises of reduced heterocyclic systems. Four members 
are reported to occur in nature . They are derived from naring^i in linked with 
a naringenin or aromadendrin or t ax i fo l in or er iodic tyol through Cl-3,11-83 
linkage 
16 
(IX) 
R, 1 
OH 
H 
OH 
H 
2 
H 
H 
OH 
OH 
(a) GB-I^'^'''"^^ 
(b) GB-Ia^'^'^"^^ 
(c) GB-2^'^'^"'^^ 
(d) GB-2s^'^^'^'^ 
9« TetrabydroamentoflavDna Series : 
Three new closely re la ted biflavanones A, B and C have been recent ly 
isola ted firom defatted nuts of Semicarpus anacardium . The f i r s t of these 
has been characterised as i t s methyl ethers A^  and Ap 
"°OT 
HO 0 
OR 
OCH3 
(X) 
(a) 1-7,1-4' - I I - 4 ' -Tri-O-methyl-I-5, I I - 5 , 
11-31 -trihydroxy C1-3 ' , I I - 8 3 bifLavanone(A.) 
(b) 1-7,1-4' , I I - 4 ' , I I - 3 ' -T etra-0-methyl-
1-5,II-5-dihylroxy Cl-3', II-8U biflavanoneCAg) 
R 
H 
Me 
1 ? 
The biflavanones B and C have also been characterized as t h e i r 
methyl ethers/corresponding chalcone methyl e the rs . 
Suggested s t ructures are 0-methyl der ivat ives of C 1 - 3 ' , II-S!3 
binaringenin (XI) for the former and III-3S 11-83 b i l i q u i r i t i g e n i n (XII) 
for the l a t t e r . 
V WOH 
(XI) 
CH30 
0CH3 
(XII) 
IS 
10. I - ^ ' . 1 1 - ^ ' . 1-5. II-5.1-7.II-7-Hexahydroxy CI-3.11-33 biflavone^^; 
The ser ies comprising of only one member has been synthesised 
by oxidative coupling of apigenin' 
.„56 
(XIII) 
n * I - ^ ' . I I -4 . ' . 1-5. I I -5 .1 -7 . II-7-Hexahydro3cr CI-3. I I - 3 ' 3 biflavone^^; 
The sole member of the se r ies has also beai obtained during oxidative 
coupling of apigenin 
"<hQQ OH 
0 OH 
(XIV) 
J9 
12, I-4 ' . I-$.II-5.I-7iII-7-Paitah.vdro3!y ilavanone CX-^^tll-BD chrowonei 
The compound has very recent ly been isola ted from the leaves 
of Garcinia. dxalcis Kurz, I t i s a dimer of naringenin and 5,7-dihydroxy 
chroiDone linked through CI -3 , I I -8 l r ' ^. I t s i so la t ion has intix)duced a 
new aeries comprising of flavanone-chrontone s t ruc ture . 
OH 0 
(LXXXIIa ) 
Z': 
B, C-O-C-LJjnked Biflavanoids; 
1. HitiokiflavQne Series; 
These are derived from two apigenin un i t s with CI -4 ' -0 - I I -6 D 
linkage* Hinokiflavone (XVa) i s the parent compoiind with s ix others as i t s 
p a r t i a l methyl e the r s . Ear l i e r hitiokifLavDne and i t s der ivat ives were 
57 
assigned C1-4 ' -0- l I~8 ^ l inkage (XVIa) which has l a t e r been revised to 
58,61 
CX-4 ' -0-II-6 3 (XVa) 
(XV) 
^1 
(a) Hinokiflavone^' ' ' '^^'^' 'Cl-4'-0-II-63 H 
(b) I-7-0-Methyl-(Neocryptomerin) Me 
(c) II-7-0-Methyl-(Isocryptonierin)^^ H 
(d) II-4« -0-Methyl-(Cryptomerin-A) 
R. R„ R, R, 
60c 
H 
Me (e) 1-7, I I - 4 ' -Di-0-methyi 
( f) 1-7, II-7-Qi-O-ittethyl- (Chamaecyparinf ^ Me 
H 
*(g) II-4», II-7-Di-O-methyl-
(Cryptomerin B) 
* (h) 1-7, II-7, II-4' -Tri-0-methyl' 60 Me 
H 
H 
Me 
H 
H 
Me 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
Me 
Me 
H 
Me 
Me 
H 
H 
H 
H 
Me 
Me 
* Synthetic. 
21 
The CI-4-'-0-11-8H linked hiaokifLavone pentamethyl ether (XVIb) 
has also been synthesised . 
Ria,,^^:>>^Ov_Y/ \ \ _ o 
R4O 0 
(XVI) 
(a) HinokifLavone Cl-4'-0-II-8 H 
(b) Hinokiflavone pentamethyl ether 
2 . 1-2,3-Dihydrohinokiflavone Series; 
The sole member (XVII) of t h i s s e r i e s has been iso la ted fr^m 
"1 
H 
Me 
H 
Me 
H 
Me 
\ 
H 
Me 
" 5 
H 
Me 
Metasequioia g3yptostroboides and cycas species' ,36,46b 
H O . ^ ^ - > ; ^ 0 \ _ / ~ N \ 
SA^ w OH 0 
OH 0 
(XVII) 
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3 . Ochnaflavone Series; 
This c l a s s has been recogaised very recent ly and i s represented 
by only four members with ochnaflavone as the parent compound. They are 
-I 13 23a derived from two apigaiin un i t s linked through C1-3 '-0-II-4 ' -J 
R7O 
R4O 0 
(XVIII) 
R. R-- R. 
13 
(a) Ochnaflavone 
(b) I-4'-0-Kethyl ' '^ 
(c) I - V , I-7-Di-O-niethyl'' »^ ^ ^^ 
^(d) I -4 ' , I -7 , I I -7-Tr i -0-methyl^^^ 
H 
H 
H 
H 
Me H 
Me Me 
H 
H 
H 
H 
H 
H 
H 
H 
H 
Me 
Me 
Me 
* Synthetic, 
23 
BiflavaDoid Gljncosidegi 
M,Konoshima e t . a l * have recent ly isolated fukugiside (XlXa) and 
spicataside (XlXb) from Garcinia spicata and Xanthochymusside (XX) from GarciniaM 
Xanthochyimis. 
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(XIX) 
.uc. (a) Fukugiside-"" j R^  = OH; R = p -D-g l 
(b) Spicataside ^ ; R^  = H; R = p-D-gluc. 
63. 
(XX) 
Xanthochymuaside j R = p -D-gluc 
2 5 
Optical Activity in BiJElayanoids 
The optical activity in biphenyls i s due to the restricted rotation 
of the biphenyl system with sufficiently large ortho substituents. This 
62a 
phenomenon is knovm as "atropisomerism"* Turner and Le-Fevre , Bell 
and Kenyon in their studies of optical activity in biphenyl suggested 
that the effisctive size of ortho-substituents conditions the occurraice 
of optical activity. If the ortho-substituents are sufficiently large, they 
interfere with one another in coplanar position, either by mechanical or 
repulsive action of their fields of force. Only in the non-coplanar positions 
is there room enough for all of them. The two benzene rings are thus in coaxial-
noncoplanar configuration. Complete rotation is, therefore, prevented and 
optical resolution becomes possible. 
The biflavanoids also incorporate a biphenyl system in which atleast 
three out of four ortho positions are substituted. The optical activity in 
biphenyl type biflavanoids is, therefore, attributed to the phenomenon of 
atropisomerism. However, in fukugetin and the members belonging to GB series, 
the optical activity may either be due to the asymmetric centre (C3) alone or tc 
both the asymmetric centre and restricted rotation. 
Recently a large number of naturally occurring optically active biflavan-
oids have been reported. The details are given in Table 1. 
T A B L E - 1 
OPTICALLY ACTIVE BIJLAVANOIDS 
25 
BiGavanoids a, b, c, d, e 
CofDD (pyridine) 
Source 
1. Amentoflavone (Ha) +9^ 
2 . AjBsntoCLavone (Ha) +100 
3 . Cupressuflavone ( I l i a ) +63^ 
4 . T-7,II-'7-Di-0-niethyl ^5° 
c-upressuflavone ( I I Ic ) 
5. " » +37.5 
6. I -4SI I -4 ' , I -7 , I I -7 -Te t ra -0 -me thy l +30° 
cupressuflavone ( I l l f ) 
7 . 1-4', 11-4% 1-7, II-7-Xetra-O-niethyl +41° 
a^mentoflavone ( I I o p ^ 
8 . Kayaflavone ( I I 1)^^ 
9 . Pukugetin (Vila) 
10. Podocarpusflavone-A(IIe) 
11. II-4«,I-7-Di-O-ffiethyl-
agathisflavone (IVd) 
12. I-7-0-^ e^thyl agathisflavone (IVb) 
13. 1-7, II-7-Di-O-ffiethyI 
agathisflavone (IVc) 
14. Xanthochymusside (XX) 
15. II-7-O-Methyl amentofLavone (Ild) 
+18'' 
+170° 
-6^ 
-55° 
-50° 
-12.5 
-40^ 
+18.2 
Podocarpus g rac i l i o r 
17 Tfau.ia o r i e a t a l i s 
64 
A2 Cupressus sempervirens' 
33 
Araucaria cookix 
23a 
Araucaria cunninghamii 
3/0 
Araucaria cookii ^ ^ 
Garciaia spicat^ 
Podocarpus gracilior'" 
Agathis palmerstonii^ 
M 
Araucaria b idwi l l l 39 
63 
16. l-4' ,II-7-Di-0-inethylamentoflavone(IIi)+22.7 A. c'tirminghamii 
Garcinia xanthochvmus 
2'?s Araucaria cixnninghainii -^ 
29 
a = 40°, b = 34°, c = 29°, d = 25° and e = 20°. 
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The detection of optical activity in biflavones is of inanense 
biogenetic significance for if coupling of the precursor molecule apigenin 
occurs through phenol oxidative coupling, as is coinmonly believed, the 
process inust be •under stereo specific control. On the other hand, if further 
experinjentation is able to positively exclude poor isolation technique as a 
cause of racemisation, the continued appearance of racemic biflavones 
would again be of importance since it would suggest then that phenol 
oxidative coupling is nob necessarily exclusively stereo specific. 
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STRUCTURE DSTERMINAJION OF BIFLAYANOIDS 
The pirotlein of s tructure determination of biflavanoids i s a conplex one 
because of: (a) occurrence of iK>re thaft one bifLavone in chromatographically 
homogeneous fractions vdth the consequent d i f f i cu l ty in t h e i r i so la t ion in 
pure form, (b) inso lub i l i ty in the usual organic solvents, (c) the d i f f i cu l t y 
in exact locat ion of 0-methyl groups in p a r t i a l l y methylated der ivat ives of 
bifLavones, and (d) the i n t r i c a t e problem of es tabl ishing the interfLavanoid 
l inkage. 
The various methods generally used for s t ructure determination may be 
c lass i f i ed as under:: 
1. Colour react ion 
2 . Physical methods 
3 . Degradation 
4 . Synthesis 
1. Colour Reactions : 
A number of colour react ions a re reported in l i t e r a t u r e for detect ing 
cer ta in s t ruc tu ra l features among fLavanoids. As the colour depends upon the 
pat tern of hydroxylation and subst i tu t ion, the diagnostic v§lue of colaurs i s 
only a broad indicat ion. The reagents generally used for colour react ions are 
magnesium-hydrochloric acid , sodium amalgam-hydrochloric acid , Wilson-
boric acid , and Zinc-hydrochloric acid . BifLavanoids are, however, found 
2S 
to give more or l e s s the same coloxn" reac t ions as monomers. The only 
exception i s tha t unlike monomers o/iryi-aSirrs 5£^,_C ""Ganoids give pos i t ive 
70 t e s t with zinc and hydrochloric acid, a t e s t cha rac te r i s t i c of fLavanonols . 
2 , Physical >fethods; 
'^he physical methods generally employed in the id r a t i f i c a t i o n and 
s t ruc tura l analysis of plant pigments are : 
(a) Chromatography 
(b) UV spectroscopy 
(c) IR spectroscopy 
(d) NMR spectroscopy 
(e) Mass spectrometry 
They provide an excellent too l in the hands of organic chemist for 
elucidation of s tructure of even minor compoxmds. 
r 
(a) Chromatographic Methods; 
The corre la t ion between chromatographic behaviour and s t ruc ture was 
71 f i r s t discovered by Bate-Smith and Westall . A number of papers and review 
a r t i c l e s have appeared on the separation and ident i f ica t ion of fLavanoid 
pigments, special ly by paper chromatography in aqueous and alcoholic solvent 
71—7Z, 
systems . Gas chromatography has recent ly been used successfully for 
quant i ta t ive separation of flavanoids as t h e i r t r ime thy l - s i ly l e thers ' . 
Z!) 
Recently gas-liquid chromatography has been used in s t ructure determination 
77 
of flaTrone glycosides as t h e i r e thers . Extensive t h m - l a y e r chromatographic 
studies of biflavanoids, t h e i r p a r t i a l l y and fuUy methylated der ivat ives 
78 have been carr ied out in our l abora tor ies . Ben^ine-pyridine-formic acid 
(36:9:5), toluene-ethyl formate-formic acid (5:4:1) and benzene-pyridine-
ethyl formate-dioxan (5:1:2:2) have been found as the most sa t i s fac tory 
developing solvent systems both for qua l i t a t ive as well as quant i ta t ive 
purposes. Homogeneous mixtures in one developing solvent system have been 
successfully resolved in the other . Further, the r e l a t i v e difference in 
Rf values of the complete methyl ethers coupled with the charac te r i s t i c 
78 ' fluorescence in UV l i g h t were found to be of some help in t h e i r i d a i t i f i c a t i o n ' 
Coxmter current d i s t i l bu t ion between ethyl methyl ketone and a borate or 
phosphate tuffer of def in i te pH has been used successfully for the separation 
of individual biflavanoids from isomeric mixtures as well as from mixtures 
15 22 39 
of biflavanoids of dif ferent se r i e s ' * . Recently the use of dry column 
chromatography for quant i ta t ive separation has also been reported . 
(b) Ul t raviole t Spectroscopy; 
The UV apectra of flavanoids have been thoroughly studied and reviewed 
by L.Jurd^^ and T.J.Mabry^°. 
3:' 
flavones (XXI) and flavonols (XXII) generally exhibit high in t ens i ty absorption 
in the 300-380 mju region (Band I) and the 24D-270mju region (Band I I ) , The 
posi t ion and in tens i ty of the "X max of each of these bands var ies with the 
r e l a t i v e resonance contributions of the benzoyl (XXIII), cinnamoyi (XXIV) 
and pyrone r ing (XXV) groupings t o the t o t a l resonance of the fLavone moleciile. 
(XXII) 
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Although these gix)upings in te rac t , the spectra of subst i tuted fla.vones 
and Havonols in the neutral and a lkal ine solutions suggest t ha t band I i s 
associated chief ly with absorption in the cinnamoyl grouping (XXIV) and 
band I I with absorption in the benzoyl grouping (XXIII). Thus the introduction 
of electron donating groups such as hydroxyl or methoxyl into A or B r ing 
primari ly increase t h e i r r e l a t i ve resonance contribution and consequently 
produce bathochromic shif t of band I I or band I respect ively . The u l t r a -
v io le t spectra of biapigenin or binaringenin type biflavanoids and t h e i r 
der ivat ives are very sindlar to those of const i tuent monomer un i t s , with 
the only difference tha t the molecular ext inct ion coeff ic ients of biflavanoids 
are approximately double as compared to the corresponding monomers. This 
demonstrates the presence of two isola ted chromophores of flavanoid per 
molecule of a biflavanoid. The lal traviolet spectra of mixed systems such 
as flavanone-flavone, chalcone-flavone or fLavanone-chalcone combine the 
features of simple flavanone, chalcone and flavone chromophores and these 
features are v i r t u a l l y reproduced in the composite spectrum of an equimolar 
mixture of const i tuent monomer i m i t s . 
Various reagents such as aluminium chloride, sodium acetate , 
sodium ethoxide and boric acid-sodium acetate have been used successfully 
for the locat ion of hydroxyl groups at C-5 & C-3, C-7, C-4« & C-7 and 
ortho posi t ions respectively, in a flavanoid compound. The effect of the 
d ^ ') 
diagnostic reagents on the spectra of biflavanoids are similar to those 
in monomers. The difference in a c t i v i t y of hydaroxyl groups may a r i s e due 
22 to s t e r i c fac tors . These differences have been well exploited by Baker e t . alv 
in assignment of methozy gitiups in isoginkgetin and ginkgetin, kayaflavone 
and sciadopitysin e t c . 
(c) Inffared Spectroscopy * ; 
22 The infrared spectra of 5-hydroxy biflavones show a strong band 
a t 1660 cm as do those of mono-5-hydroxyf3avanoids. The band i s character-
i s t i c of 5-hydroxyflavones, and although t h i s hydroxyl group i s i n t e r aa l l y 
b^rogen-bonded, the effect of 5-0-aIkylation and 5-0-acylation i s 
opposite to tha t shown in the case of simple 0-hydroxy ketones. Because of 
in te rna l hydrogen bonding in 0-hydroxyketones, the carbonyl bands of these 
conpounds show a shif t to higher frequencies on e i ther 0-alkylat ion or 
0-acylat ion, However, a similar comparison of the infrared spectra of 
5-hydroxyflavones and 5-hydroxychromones with the spectra of t he i r 5-0-aLkyl, 
and 5-0-acyl der ivat ives shows a shif t in the opposite d i rect ion, tha t i s to 
lower frequencies. She reason for t h i s anomaly has been discussed by Looker 
and Hanneman '*, In pract ice , t h i s effect i s very useful in diagnosing the 
22 presence of a 5-hydroxy flavone s t ructure . 
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(d) Nuclear Magnetic Resonance (EMR) Spectroscopy; 
The application of MMR spectroscopy has proved to be the most 
powerful t oo l in the structtire determination of flavanoids. By the use of 
s i l y l der ivat ives , double i r rad ia t ion technique , solvent induced sh i f t 
s tudies * and very recent ly introduced lanthanide induced shif t 
s tudies , one can come to the strxicture of flavanoids occurring even in 
minor quant i t ies without tedious and time consuming chemical degradation 
aXid aynthesis . 
The valuable contributions in t h i s f ie ld have been made by Batterham 
and Highet , Mabry * , l%ssicot , Clark-Lewis , Kawano * and Pe l t e r 
and Rahman^^^'^^'^'^. 
The chemical sh i f t s of the protons of r ings A and B prove to be 
independent of each other, but are affected by the nattire of r ing C (XXI). 
The peaks a r i s ing from r ing A in most flavajaoids occur upfield from the 
other peaks, and are readi ly recognized. Thus examination of an unfamiliar 
spectrum wi l l commonly s t a r t by the recognition of these peaks, wliich wi l l 
often aHo'-iT the nature of r ings A and C, and the c lass of comjwund, in hand, 
to be inferred. The remaiaing peaks in the aromatic region wi l l reveal the 
pat tern of oxygen subst i tut ion of r ing B, and confirm the nature of r ing C. 
3 4 
Ring A; 
The most coniinonly occurring hydroaylation pat tern in natura l 
flavanoids i s 4 ' , 5,7-trihydroxy system (XXVI), 
(XXVI) 
The tv/o A-ring protons of flavanoids with the 5, V-hydroaylation pat tern 
give r i s e to two doublets (J . = 2,5Hz) between T3»3-4»0 from t e t r a -
methylsilane (TMS). These are, however, small but predictable var ia t ions 
in the chemical sh i f t s of the G-6 and G-8 proton s ignals depending upon 
the 5- and Y-substi tuents. 
In fLavanones (I) the 6,8-protons give a single peak near 'y4«05j 
with the addit ion of a 3-'hydroxy group (fLavanonols) the chemical sh i f t s 
of these protons are s l i gh t l y a l te red and the pat tern changes to a very 
strongly coupled pai r of doublets. The presence of the double bond in r ing C 
of flavones and flavonols causes a marked downfield sh i f t of these peaks, 
again producing the two doublet pat tern ( 1 3 . 3 - 4 . 0 , J = 2.5 Hz). Out of 
6-, and S-protons, the l a t t e r appears downfield. 
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Bing B; 
All B-ring protons appear around y2,3-3. 3, a region separate from 
the usual A-ring protons. The signals from the aromatic protons of an unsubs-
t i t u t e d B-ring in a fLavanone appear as a broad peak, centered a t about 
T2.55* In fLavones, the presence of the G r ing double bond causes a sh i f t 
of the 2 ' , 6 ' -p ro tons and the spectrum shows two broad peaks, one centered a t 
TS.CX) ( 2 ' , 6 ' ) and the other a t ' r 2 . 4 ( 3 S 4 S 5 ' ) ^ ' ^ . 
With the introduction of a 4'-Jbydro3!yl group, the B r ing protons 
appear ef fect ively as a four peak pa t t e rn . Such type of pat tern i s ca l l ed 
ApBp pa t te rn . Introduction of one more subst i tuent to r ing B gives the normal 
87 AKJ Pat tern . The hydroxy group increases the shielding on the adjacent 
3 ' ,5 '~protons and t he i r peaks move subs tan t ia l ly upf ie ld . The 2 ' ,6-protons of 
fLavanones give signals centered a t about T 2 . 6 $ , Introduction of the 
2,3-double bond (fLavones and flavonols) again causes these protons to resonate 
a t much lower f ie ld ( T E . O O ) . 
R±as C; 
In the spectra of fLavones and isofLavones of normal s t ructure , the 
olef inic protons give r i s e to s ignals near T 3 . 2 andT 1.7, respect ive ly . 
The posi t ion of these o lef in ic peaks depends upon the subs t i tu t ion of r ings 
A and B, the electron donating groups causing upfield sh i f t s and electron 
withdrawing groups causing downfield s h i f t s . 
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The spectra of flavanones (saturated heterocyclic ring) contain 
typ ica l ABX mult iplets a r i s ing from the C-2 proton and the two C-3 protons. 
The C-2 proton i s s p l i t by the C-3 protons into a quartet ( Jc i s = 5 Hz, 
J . =11 Hz, double doublet) and occurs near-p 4»5, the precise posi t ion 
depending on the subst i tu t ion of r ing B, The two C-3 protons occur as two 
quar te ts (J„-3a,H-3b=17Hz) near T 7 .0 . However, they often appear as 
two doublets, since two s ignals of each quartet are of low in tens i ty . The 
C-2 proton in dihydrofLavonols appears near T 5,1 as a doublet (J = 11 Hz) 
-T- ,189 
coupled to the C-3 proton which comes a t about T 5 . 8 as doublet . 
The r e l a t i v e stereochemistry of 3-subst i tuted flavanones caa usual ly 
be established from a consideration of vicinal coupling constants and the 
"KARPLUS equation". In a l l the heterocyclic r ing appears to adopt 
the chair or half chair conformation in which the 2-aryl subst i tuent i s 
89 quasi-equator ia l . Massicot and Marthe , analysing the ABX spectrum of 
heterocyclic r ing protons of 6,7-dimethoxy fLavanone, have shown the two 
v ic ina l coupling constants to be 13.5 and 3.2 Hz. The former i s c l ea r ly 
a d iax ia l in teract ion, thus es tabl ishing the equatorial character of 2-aryl 
group in flavanones. All 3-hydroxy and 3-acetoxy flavanones, which have 
been examined, exhibit v ic ina l coupling constants 12 Hz and were therefore, 
assigned the t rans (diequatorial)-configurat ion, although in the case of 
na tu ra l ly occurring compounds the p o s s i b i l i t y of epimerization cannot be excluded. 
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Hydroxyl Groups; 
The proton of a 5-OH group next to a 4.-carbonyl group in a flavawoid 
gives r i s e to a sharp signal a t very low fiaLd ( T - 3 . 0 0 ) , consistent with 
the strong hydrogen bonding between the two groups. The introduction of a 
3-hydroxyl group which wi l l apparently reduce the hyirogen bonding, causes an 
upfield shif t of t h i s peak, while others which increase the hydrogen bonding, 
such as the opening of a fLavanone to a chalcone cause a downfield s h i f t . 
Thus the posi t ion of the 5-hylroxyl peak depends mainly upon the nature of 
r ing C, Signals from the 3 - and 7-hydroxy protons were observed, but the peaks 
were so broadened by rapid exchange t ha t they merged into the base l i n e . 
Effect of Subst i tut ion of Hydroxy! Groups; 
Ifethylation of a hydroxyl group commonly produces an upfield shi f t 
( ' ^ 0.2 ppm) of the s ignals of ortho pi^otons with a somewhat smaller effect on 
those of para protons and a l i t t l e or no effect on the meta protons. Acetyla-
t ion of the hydroxyl group, as expected, causes downfield shif t of the r ing 
protons. 
Solvent Induced Shift Studies of Methoxy Resonances; 
The solvent dependence of methoxy resonances induced by benzene 
( r e l a t ive to comparatively iner t solvent, such as CCL. or CDC1-) upon 
e lect ronic , s t e r i c and conformational factors has been noted" "•^. The 
3S 
posit ion and r e l a t i ve or ientat ion of methoxy groups in methoxy fJ.avones 
can be inferred from benzene induced solvent sh i f t s of metho>!y resonances '^. 
I t has been observed by D.H.WiHiams and co-workers^ tha t methoxy 
groups a t C-5, C-7> 0-4' and G'-2* exhibi t l a rge pos i t ive (upfield) A values 
( A = "TC^D^- TCDCl^ C: 0.5 to 0.8 p.p.m) in the absaice of methoxyl or 
hydroxyl subst i tuents ortho to these groups ( e . g . XXVII, Tab le - I I ) . This 
means tha t aforesaid methoxy signals move upfield 
OCH3 
.OCH3 
0CH3 0 i n . 
(XX7II) 
3.93 
1, 
5,3,7,2' 4' 
3.8A 3.82/;80, 
1 K 1/1^3-1 
1 • • • 
3 ^ 
3 
3.8^ 
. 1 
5,2',4 
3^3.31 
1 
,7 
3.23 ; 
.17 
CDCl^  
^6^6 
1 
3.0 
1— 
4.0 3.0 
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T A B L B - I I 
A Values (TC^H^-TCDCl ) for C-3, G-5, C-7, C-2' and C-4' methoxy 
resonances in the absence of or tho-subs t i tuents . 
Position of OMe Range of A values (ppm) 
C-3 -0.07 to + 0.34 
C-5 +0.43 to + 0.58 
C-7 +0.53 to + 0.76 
G-2' -K).46 to + 0.51 
G-4' 40.54 to + 0.71 
in benzene r e l a t i ve to deuteriochloroform. The observation i s consistent with 
the formal a b i l i t y of a l l these methoxy gixiups to conjugate with the electron 
withdrawing carbonyl group. This conjugation can lead to a decrease in 
electron density a t oxygen atoms of OMe groups in question and so eiihence 
an associat ion with benzene a t these e lect ron-def ic ient s i t e s with the 
91-93 
resu l t an t increased shielding effect . The C-3 methoxy resonances are 
in contras t deshielded or only s l i g h t l y shielded in h&azene (Tab le - I I ) . 
This observation strongly suggests t h a t the G-3 methoxy group in gaiera l 
prefers conformation indicated in (XXVIII). In t h i s conformation, 
phase independent associat ion of benzene with the carbonyl group wi l l have 
95-.Q7 
deshielding influence on the C-3 methoxy group . 
4 
(XXVIII) 
Since the values of the G-5 methoxy group are only slightly smaller 
in magnitude than those for the G-7, G-2' and G-4' methoxy groups, it 
is concluded that in the absence of C-6 substituent, the preferred 
conformation for the C-5 metho:!^ ^ group is as shown in (XXIX) (i.e. as 
distant as possible from the negative end of the carbonyl dipole). 
(xnx) 
In contrast , the methoxy groups lacking one ortho hydrogen ( i , e . 
f].anked by tvro ortho methoxy groups or one ortho hydroxy and one ortho methoxy 
function) show small pos i t ive or negative "A value (ACiT •K),13 to -0.12 ppm). 
4 1 
The reason for the small posi t ive or negative shi f t i s probably due to some 
combiaation of: ( i ) s te r ic inhibi t ion of benzene solvation of the cen t ra l 
no 
methoxy group , (ii) reduction in solvation of the central methoxy group 
(relative to anisole) due to the presence of two ortho electron donating 
91—93 
substituents , and (iii) solvation of the outer methoxy groups, the 
stereochemistry of benzene association being such as to place the central 
methoxy group in a region of deshielding. Thus the solvent shift of a methoxy 
group at C-5 suffers a drastic change in magnitude from a relatively large 
positive value to a small or negative value in the presence of a methoxy 
group at C-6. The C-6 substituent should, therefore, lead to a higher 
population of the conformer (XXX) in which the methyl of the C-5 functionality 
lies in close proximity to the negative end of the carbonyl dipole (which is 
a region of strong deshielding due to benzene association at the carbonyl gro' 
(XXX) 
4 2 
Benzene induced solvent shifts can be enhanced in certain cases by the 
addition of a little trifLuoroacetic acid (TFA) to the solution of the 
101 102 
compound in benzene ' ; apparently protonation of certain groups enhances 
the benzene association at these sites. In flavones and other compounds this 
technique helps to distinguish between methojQr groups which can conjugate 
with the carbonyl group (XXXI) and those which cannot conjugate in the 
ground state (XXXII) 
M e _ 0 - C =C*-C = 0 -^—> M e - 0 = C - C = C - 0 
I I i 
(xxn) 
M e - * 6 - G - C - C = 0 
I I I 
(XXXII) 
Thus the bas ic i ty of the methoxy groups not conjugated (XXXII) with the 
carbonyl group i s greater than those which are conjugated (XXXI) and so the 
former wi l l be ejqjected to give more posi t ive values of the TFA-addition 
sh i f t (A C^H^G^H^-TFA). The TFA induced solvent sh i f t (A CDCiyiFA) of 
a 5-inethoxy group has a r e l a t i ve ly la rge negative value (-0.36 to -0 ,44 ppi»)> 
which dis t inguishes i t from other methoxy groups. A possible explanation i s the 
43 
forination of hydrogen bond between the protonated carbonyl group and the 
oxygen atom of the 5-niethoxy group (XXXIII), The carbonyl group wi l l be 
protonated to a much larger extent in TFA re l a t i ve to a solution in benzene 
containing only Jifo TFk ,a! m- . 102 
(XXXIII) 
I f a 5-methoxy group i s flanked by a subst i tuent l i k e a methoxy group a t 
C-6, i t s TFA induced solvent sh i f t i s even greater than in the absence 
of such a group (-0.48 to 0.62 ppm), 
85 Mabry e t . a l . have recent ly reported tha t t r imethyls i ly l e thers 
of flavanoids are s t i l l be t te r der ivat ives for loca t ing cer ta in methoxyl 
groups in a l l flavone and flavonol aglycones and glycosides u t i l i s i n g 
benzene induced s h i f t s . In addition, when a 0- t r imethyla i ly l group i s a t 
C-5, i t also exhibi ts a diagnostic benzene induced sh i f t (-0,14 to -0,20 ppiri 
as compared to -0,05 to +0 ,12 ppm for other t r imethy l s i ly l groups) and, 
furthermore, in benzene a l l the signals for the C-tr imethylai lyl groups axe 
well separated thus permitting the determination of the number of hydroxy! 
groups present in flavanoid before t r imethyls i ly la t ion . 
4 4 
NMR Studies on Biflavanoids 
In the s t ructure elucidat ion of biflavanoids cer ta in useful informa-
t ion can be obtained by comparison of the i r KMR spectra with those of t h e i r 
corresponding monoiuers. Such a choice, however, i s compelling but by no means 
i n f a l l i b l e . By the help of double i r r ad ia t ion technique i t has been possible 
7 
to assign each and every proton in the molecule . Also comparison of the 
NMR spectra of methyl and acetyl der ivat ives of a biflavanoid with those of 
biflavanoids of the same se r i e s as well as with those of biflavanoids of 
other se r ies in which a t l e a s t one nranoflavanoid uni t i s s imilar ly constituted 
i s very helpful in assigning each and individual proton and the posi t ion of 
the methoxy groups. The pix>bleia of interf lavanoid linkage has been successful! 
solved by: 
(a) Solvent induced shijMi studies of methoxy resonances and 
(b) lanthanide inducjed sh i f t s tudies . 
(a) Solvent Induced Shift.- Studies of ^bthoxy Resonances; 
The question of implication of e i the r C-8 or C-6 in interflavanoid 
linkage used to be se t t l ed by the r e l a t i ve ease of methylation of the hydroxy! 
group a t G-5 ®''"". The decision was based upon s t e r i c considerat ions. Later 
studies revealed that the observation was not of general app l i cab i l i ty and 
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4 5 
had led to erroneous assignments. This i n t r i c a t e problem of interflavanoid 
linkage both in biphenyl and biphenyl ether type biflavanoids has succegsfiOJi 
been solved fay benzene induced sh i f t s tudies of methoxy resonances ' ' 
I t i s now well established tha t in the fully alkylated compounds, s ignals of 
methoxy groups ortho to an aromatic-hydro gen atom move upfield by more than 
30 c / s , when the solvent i s gradually changed from pure d -chloroform 
(or CCl.) to pure d^-benzene, but signals of methoxy groups lacking such 
a proton show e i ther no marked change or a s l igh t negative change. 
In amentoflavone, cupressuflavone, and hinokiflavoneCI-4'-0-II-83 
metl^l e thers , a l l the methoxy groups moved upfield (/-^40-70 cps) on change 
of solvent from d^-chloroform to d/-benzene showing t ha t every methoxy 
group has a t l e a s t one ortho proton, thus es tabl ishing a C-8 ra ther than a 
0-6 l inkage^^^>^^ ^\ 
In agathisflavone hexamethyl e ther , on change of solvent from 
d^-chloroform to d/-benzene, only five of the s ix methoxy groups showed large 
upfield sh i f t s ( F i g . I ) . One methoxy group was unique in tha t upto^-JO;^ di lu t io i 
with benzene no shif t was seen and then a strong downfield sh i f t was evidencec 
I t was reasonable to assume tha t the methoxy groups in question was the one a1 
G-5, flanked by r ing II-A on one side and a carbonyl group on the other . This 
r e su l t showed tha t the linkage must beCt-6, 11-83 for agathisflavone 
hexamethylether . Similarly in the case of hinokif lavoneCl-4 ' -0-II-63 
pentamethyl ether ( F i g . I I ) , orGLy four methoxy groups moved upfield , 
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Benzene induced shif t s tudies were also found useful in the case of 
BGH''' and GB ser ies^ . All methoxy signals ( T 6 . 0 8 - 6 . 3 6 ) in BCH-II and BGH-III 
methyl ethers moved upfield (F ig . I I I & IV), Similarly a l l methoxy signals in 
GB-1 heptamethyl ethsr showed posi t ive sh i f t s (Fig.Y) indica t ing (with the 
exception of the C-3 methoxy group in r ing II-G) tha t each has a t l e a s t 
one free or tho-fos i t ion. This evidence supported the G-3/C-8 linkage for 
the two s e r i e s . 
Limitations of the solvent induced sh i f t s tudies ; 
The method of methoxy proton sh i f t s , although very useful in structture 
100 determination, may lead to erroneous assignments if not used with caution 
The following criteria have been laid down for an appropriate use of the method; 
1. The method should not be used directly for compounds containing 
phenolic groups. 
2. Even acetylation of the phenolic function does not completely 
overcome the difficulty, 
3. Only the fully methylated compounds are safest to use but even 
then the results may be misleading if solvation of a separate site close 
to the methoxy groups being examined occurs , 
FIG.V 
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4. In WGH ser ies , the II-3'-methoxy group of WGH-II methyl ether 
appears a t an exceptionally high posi t ion ( T 6,56) in CDCl^. This i s 
suggestive of i t s being en t i r e ly in te rna l ly solvated. A model of t h i s 
bifLavone shows tha t there are in fact cer ta in posi t ions in which tha t 
par t i cu la r methoxy group can be solvated by a benzene r ing of the other 
flavanoid uni t , thus rendering i t unique in being r e s i s t a n t to external 
solvation. On change of solvaat from GDC1„ to C,H, a l l the methoxy groups 
were expected to move upfield by more than 30 cps as each methoxy group 
had an ortho proton. The-methoxy group in question ( a t T 6,56), however, 
moved very l i t t l e (Fig,VI). 
(b) Lanthanide Induced Shift Studies; 
During the l a s t four years lanthanide sh i f t reagents (LSR) have been 
extensively used for the structixral and conformational s tudies of organic 
natural products , The introduction of these reagents has great ly 
enhanced the power and v e r s a t i l i t y of N f^i spectroscopy. The addition of a 
lanthanide shif t reagent to an NMR solution of a compoimd which possessess an apprc 
pr ia te lone pair of electrons caiises the proton resonances to become"spread out". 
48 
often into a f i r s t order pat tern, making pos s i t l e safe assignment of formally 
non-equivalent, tJut usual ly coincident resonances and enabling decoupling 
experiments to be carr ied out . Several hundred papers have appeared describing 
107 the use of these reagents since the f i r s t report by Hinckley . 
These lanthanide induced sh i f t s (LIS or A Vi) are due primari ly 
107 to pseudocontact in teract ions , r esu l t ing froin the associat ion of lanthanide 
complex and lone pai r functionali ty of the substrate , and for any par t i cu la r 
molecule a t a given temperature are inversely proportional to the cube of 
the in temuclear distance ( r . ) between the lanthanide metal ion and the protoi 
•under consideration (eqn.l) * 
A V i = ^ / ^ i ^ (1) 
Equation ( l ) shows tha t the pr incipal factor influencing the shif t 
of a part ic\ i lar resonance in NMR spectrum, i s the distance, e i ther bondwise 
or spa t i a l ly separating the metal ion from the proton which i s responsible 
for tha t peak. Thus the closer the proton to the metal ion in the shif t 
reagent-substrate complex, the greater the shi f t observed, 
A more complete form of the equation ( l ) i s eqn, (2) where 0 i s the 
angle describing the posit ion of the proton i r e l a t i v e to the pr incipal magnetic 
ax:is of the lanthanide-substrate complex r . i s the Su-Hintemuclear distance. 
.'J'.') 
A V i i s the pseudocontact shif t for the i t h proton and K i s a constant. The 
axigle term ( 3 0 0 3 ^ 6 - 1 ) i s posi t ive for G values from 0°-54° and from 126°-l80° 
and posi t ive A V i ( sh i f t to lower f ield) i s observedj however, vrtien 0 has a 
value from 55° to 125 , the angle term and A Vi become negative ( i . e . sh i f t s 
to higher f ie ld are observed) . 
C V i = K O Cos^ 9 . . J t l (2j 
r . 1 
The most commonly used complexes are t r i s (dipivalomethanato) 
111 
europium ( I I I ) , Eu (DPM)- and t r i s (dipivalomethanato) praseodymitim ( I I I ) , 
110 Pr (DPM)_ , where HDPM represents dipivalomethane which i s 2,2, 6 ,6 - t e t r a -
methylheptane~3, 5-dione. The two are complementary in tha t Eu(DPM)„ sh i f t s 
proton resonances to lower f ie ld while Pr (DPM)- sh i f t s resonances to higher 
f i e ld . Su(DPM)^, however, i s generally most useful because the t -bu ty l resonance 
of the complex appears above T>3S and thus does not i n t e r f e re . The t -bu ty l 
resonance of Pr (DPM)_ in the presence of subst ra tes , occurs in the 3-5 S 
range and can mask resonances of in t e re s t in some cases . I t i s specia l ly 
110 
useful for the observation of methyl groups in s te r -o ids . 
112 Rondeau and Sievers have reported tha t europxum and praseodymium 
complexes of 1,1,1,2,2,3,3-heptafluoro-7,7-dimethyl-4>6-octanedione (POD) 
are superior shif t reagents for week Lewis bases such as e thers and es te r s 
because of t h e i r greater so lub i l i ty and inherent greater ease in handling. 
J 
The magnitude of induced sh i f t for a proton i s usual ly expressed in 
113 terms of "S-value" proposed by Gockerill and Rackham , as the slope of 
s t ra ight l i ne obtained by p lo t t ing the shif t value (AV) against the molar 
r a t i o of Eu (DPM)_ to a subs t ra te . Usually spectra are determined at 8-10 
different molar r a t i o s to obtain each slope. The l a rge r the S-value, the 
greater the par t icu la r proton i s shifted downfield by the sh i f t reagent. I t 
i s suggested tha t the shif t reagent exhib i t s i t s effect by establishment 
of a rapid (on the KMR time scale) equilibrium between a l a b i l e complex of 
Eu (DPM)^  with a Lewis base and unassociated so lu tes . This l a b i l e complex 
contr ibutes very s igni f icant ly to the observed shi f t through a t l e a s t two 
mechanisms, through bonds and through space. The former i s important when 
only two or three bonds separate hydrogen and europium. The l a t t e r effect 
becomes dominant when four or more bonds are involved i f c lose approach of 
europium and hydrogen i s l i k e l y . In the case of poly functional molecules, 
the observed parama^et ic sh i f t s are sums of contributions due to magnetic 
interactionflx)m metal association a t each s i t e . 
86 Kawano e t . a l have recent ly reported paramagnetic induced sh i f t 
•studies in the NMR spectra of flavones and biflavones using Eu (FOD)„. These 
studies provide an excellent method to dis t inguish between a proton attached 
to e i ther C-6 or C-8 of a flavone nucleus because H-6 shows much l a rge r 
shi f t tlTan H-8. 
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Ths resxolt on four monoflavanoid methyl e thers , namely apigenin t r i -
methyl ether (XXXI7), 6-methoxy apigenin tr imethyl ether (XXXV), quercetin 
pentamethyl ether (XXXVI) and iqyricetin hexamethyl ether (XXXVIl) are recorded 
in T a b l e - I l l . I t follows tha t (a) methoxy group a t G-5 posit ion shows the 
l a rges t shif t (12.34^^18.88 ppm) meajning tha t coraplexation occurs mostly 
a t neighboixring carbonyl group, (b) H-6 shows considerable sh i f t (S?? ' ^ 7.l6ppm 
when compared with tha t of H-8 ( l .12 -—1.56 ppm), (c) H or OGIL attached to 
side phenyl groups show the 
OCH^ 
°Y^''"^'"'°inr't^w^''" 
OCH3 0 
(XXXIV), R = H 
(XXX7), R = OCH 
(XiCXVl), R = H 
(XXXini), R = OCH-
l ea s t sh i f t s , and (d) H-3 (-1.54, 0.08 ppm) and OCH -3 (0.08, O.92 ppjn) 
show rather small sh i f t s in comparison with those of OCH -6 (5 . I6 ppm) 
and 0CH--7 ( l .02 ^^1.28 ppm) whose posi t ions are a t a distance firom carbonyl 
group. I t i s noteworthy tha t the H-3 of compound (XXXV) shows an upfleld 
shif t ( -1 .54) . 
S-Values 
Posit ions 
3 
5 
6 
7 
8 
2 ' , 6 ' 
3 ' , 5 ' 
4' 
T A B L E - I I I 
of flavone compounds by Eu 
XXXIV 
0.08 
(13.34) 
6.32 
(1.12) . 
1.56 
0 
-0.02 
(0) 
C 0 M P 0 
XXXV 
-1 .54 
(12.34) 
(5.16) 
(1.02) 
1.18 
-0.50 
-0.26 
(-0.18) 
(FOD)^ 
U N D S • 
XXXVI 
(0.80) 
(14.08) 
5.70 
(1.28) 
1.12 
0.46 
0.14,(0.12) 
0.04) 
XXXVII 
(0.92) 
(18.88) 
7.16 
(1.14)* 
1.30 
0.46 
(0.12) 
(0.32) 
* Assignment i s t e n t a t i v e . Parentheses show metho^cy proton s h i f t s . Spectra 
were taken in CDGl solution using in te rna l TMS, 
Six ful ly methylated bifLavones, namely, hexa-0-mathyl cupressufLone 
( I l l h ) , hexa-O-methylagathisfLavone (IVf), hexa-0-methylamentoflavone ( U p ) , 
penta-0-methylhinokiflavone (XVI), penta-O-methyl C1-4'-0-11-8D biapigenin 
(XVIb) and penta-0-methylochnaflavone (XVIIIe) have been studied 
OCH3 ^^3^0 
OCH3 
OCH3 
OCH3 
( l l l h ) (IVf) 
0 
H3C0 / VOCH. 
OCH3 0 H3CO 
0CH3 
0CH3 b 
(Up) 
H3C0 OCH3 
0CH3 '0 
H3C0 0 
(XVh) 
Ho CO 
H3CO 0 
OCH-
H3CO 0 
(XVIb) 
0CH3 
H3CO 0 
(XVIIIe) 
using Eu (POD)o and t h e i r S-values are recorded in Table IV. 
T A B L E - IV 
S-Values of foUy methylated biflavones by Eu(FOD) 
C O M P O U N D S 
Protons I l l h IVf U p XVh XVIb XVIIIe 
OGH^-I-5 7.34-
- I I - 5 
-1-7 0.72 
- I I - 7 
-1 -4 ' -0.06 
- I I - 4 ' 
H-I-3 0.18 
-XI-3 
-1-6 3.66 
- I I - 6 
-1-8 
- I I - 8 
1-2 ' ,6 ' 0.56 
I I - 2 S 6 ' 
I - ;$ ' ,5 ' 0.24 
I I - 3 ' , 5 ' 
The induced shi f t s show the same tendency as observed for the fotir 
monoflavones. In biflavones, a half amotint of used reagent i s effective to each 
2.14 
11.16 
0.44 
2.04 
0.02 
-0.08 
0.28 
0.06 
5.80 
0.64 
— 
0.08 
0.52 
0.02 
0.06 
6.12 
8,78 
0.36 
1.06 
0.12 
-0.08 
0.02 
-0.16 
2.76 
4.24 
0.50 
-0 .36,0 
-0.12 
- - , - 0 .10 
-0.08 
10.02 
4.38 
0.80 
0.58 
— 
-0.06 
-0.06 
0.36 
4.80 
— 
1.14 
* 
0.74 
0.04 
-0 .14 
2.00 
-0.08 
6.88 
6.60 
0.82 
0.52 
- -
-0.10 
0.14 
0.26 
3.36 
3.52 
0.72 
— 
-0.02 
0 
-0.10 
0.18 
10.26 
11.56 
0,80 
0.96 
-0 .14 
- -
0.32 
0.24 
4.86 
5.58 
1.14 
1.26 
(0, -0.10: 
-0.10 
-0.12 
-0.12 
0 0 
flavone nucleus when the same molar r a t i o of the reagent i s added. However, 
0CE_-I-5 and 0GH--II-5 show different sh i f t values from each other except for 
a symmetrical compound I l l h , This means t h a t complexation of Eu (FOD)^ to both 
flavone nucle i i s not even hut cha rac t e r i s t i c to each compound due to t h e i r 
chemical s t ruc tu res . I t i s i n t e r e s t i ng tha t H-I-3 ' and H-I-5 ' of compound XVh 
show a much la rger shif t value (2.00 ppm) than those (0.10<-'10.24 ppm) of the 
other corapoxjnds perhaps because the side phenyl group i s attached to 
6-position of the other flavone nucleus. 
The l a rges t shif t value among those of H-I-8 and H-II-8 i s 1.14 Ppm 
(conpound XVh), which i s s t iU. much smaller value than those of H-I-6 and K-II-6 
(2.76 '~'5»S0 ppm). This fact makes i t possiliLe to d is t inguish between the proton 
a t posit ions 6 and 8 in a flavone and accordingly to decide the interflavanoid 
linkage through e i the r C--6 or C-3 in bifLavones. 
As described above, H-3 of the 6-methpxy apigenin tr imethyl ether(XXXV) 
shows an upfield shif t (-1.54 ppm in S-value, Table- I l l ) in addition of 
86 Eu (FOD)^ . However, t h i s proton shows downfield shif t ( A Eu = 2.04 ppni) 
when Eu (DPM)^  i s used as a shif t reagent (Table-V) as reported recent ly by 
115 
Kawano et. al . This constitutes the first exainple of a proton signal shifting 
in opposite directions due to different reagents, Eu (DPM) and Eu (FDD) 
(2,04 ppm and -1.50, respectively). The presence of methoxy group at C-6 in 
1'^ r> 
do 
the 5, V-diaiethoxyflavone der ivat ives seems to be an important factor in the 
phenomenon because the H-3 of 5,6,7,d, 4'-pentainethoxyfLavone(XXXVIIld) also 
shows 
OCH3 
OCH3 0 
(XXXVIII) 
(a) 
(b) 
(c) 
(d) 
^1 
H 
OCH. 
H 
OGH, 
H 
H 
OCH 
OGH. 
similar shif t values (1.79 ppm and -1.99, Table-V) to those of 
compormd (XXXVIIIb) when 
T A B L E ~ V 
Values of H-3 from IMS and Eu values by shif t reagents 
Compound ppm Eu(FOD) Eu(DPM). 
4',5,7-Trim9thoxyflavone (XXXVIIIa) 6.56 
4S5,6,7-Tetrainethoxyaavone (XXXVIIIb) 6.59 
4«,5,7,8-Tetramethoxyflavone (XXXVIllc) 6.60 
5,6,7,8,4'-Pentametho3{yfLavone (XXXVIIId) 6.60 
0.04 
-1.50 
-0.30 
-1.99 
3.68 
2.04 
4.35 
1.79 
0? 
Eu (DPM). or EvL (FOD) are added. S-methoxy apigenin tr imethyl ether(XXXVIIIc), 
however, shows similar sh i f t s ( l i t t l e sh i f t of -0,30 ppm) by Eu (K)D) and 
r e l a t i ve ly large downfield shif t of k.'^5 ppm by Eu (DPM) to tha t of t r i - O -
methyl apigenin (XXXVIIIa). 
NMR Correlat ions; 
On looking a t the proton chemical sh i f t s of the methoxyls, the 
acetoxyls and the r ings protons, cer ta in important cor re la t ions emerge 
which have been found useful in s t ructure elucidation of biflavanoids 
(CDGl spectra seem reasonably comparable with (CD^)^ GO spectra though 
nei ther with pyridine nor benzene spec t ra ) . 
1. In biphenyl type biflavanoids, such as amentoflavone, cupressuflavones, 
^gathisflavone e t c . , the peaks of r ing protons involved in interf lavanoid. 
linkage appear a t somewhat lower f ie ld ( '-^0,5 ppm) as compared to the 
chemical sh i f t s of the same protons in monomer, due to extended conjugation. 
2 , The methoxy group a t 0-5 of C-8/C-8 linked biflavanoids or an 
8-liriked monoflavanoid \xnit (with aromatic r ing A or B) of a biflavanoid in 
a l l cases examined so far appears below T 6 . 0 0 in deuteriochloroformr^^ 
(Table-Vl), This observation may be explained on the basis of extended 
conjugation. 
oS 
5.S5 
6.13 
6.41 
6.00 
above 
above 
5,B5 
5.94 
5.95 
5.92 
6.04 
6.07 
T A B L B - VI 
Methoxy Proton Shifts (Tvalues)of complete Methyl Ethers 
BifLavones OMe-I-5 OMe-lI-5 
1. CupressufLavone CI-S, 11-83 
2. Amento fLavone C I - 3 ' , I I -8 2 
3 . AgathisfLavone CI-6, I I - 8 3 
4. HinokiflavoneC 1-4'-0-11-83 
5 . GB-I CI-3,11-8 3 
6. Pukugetin (l-forellofLavone) CI-3,11-8 3 
Spectra run in CDCl- a t 100 MHz, TMS as in ternal standard r^TIO.OO 
On change of solvent from CDC1_ to pyridine, i t has, however, been 
observed tha t such a methoxyl in hinokiflavone pentajnethyl e t h e r C I - 4 ' - 0 - I I - 8 3 
appears aboveT6.00 whxLe tha t in C l - 4 ' - 0 - I I - 6 3 l inked bifLavone baLow76.00 . 
This discrepancy was explained by the consideration of influence of solvent on 
6l 
chemical shif t • 
3 . ^y examining the methoxy and acetoxy sh i f t s , cer tain useful cor re la t ions 
emerge but they should be used only as supporting evidence. I t i s by looking a t 
the ful l se r ies (parent, fully methylated and acetylated products) and coniparing 
mul t ip l i c i t i e s and posi t ions of the aromatic protons safe assignments can be 
made. 
0 9 
4. Aromatic protons are completely sel f -consis tent in cupressufLavone, 
agathisflavone, (assumed values of r ing I I -B) , amentofLavone and hinokiflavone 
se r i e s . The protons of r ing I-B appear consis tent ly lower than those of 
r ing I I -B^^ '^^ . 
5 . The protons a t C-8 in r ing I-A of agathisfLavone [11-6,11-83 methyl ether 
and a t C-8 in r ing II-A of hinokiflavone L1-4' - 0 - I I -6 3 methyl ether appear a t 
exceptionally low posi t ions, T 3*09 andT2.95, respect ively. This may be diagnostic 
of H-8 ( r ing A) of a 6-substi tuted biflavanoid methyl ether botiof biphenyl and 
biphenyl ether types. 
6. The methoxy group a t 0-5 in r ing I-A of agathisfLavone methyl ether 
( T 6 . 4 1 ) ^ and WGH-II methyl ether ( T 6 . 5 6 ) ' showed up at exceptionally high 
f ield than the other methoxy groups. This internal shielding effect i s also evidai t 
7 
in the case of chalcones, BGH-III heptaacetate and BGH-II-octaacetate , in which 
the protons of one acetosq^ group appear a t T 8 . 0 8 whereas those of others a t 
T7.26-7.80. 
7 . The dependency of H-6 of r ing II-A upon i t s mode of bonding with the 
other half of the bifLavone has been observed: 
6 
Biflavpne-roethyl ether 
BGH-III 
BGH-II 
WGH-Ill 
WGH-II 
Cupressuflavone 
AmentoflavDne 
Agathisflavone 
H-II-6C Tvalue) 
3.82 
3.74 
3.55 
3.49 
3.41,3.42 
3.38 
3.36 
K^llrB bonded to 
reduced heterocyclic 
r ing 1-3,II-8 
It 
heterocyclic r ing 1-3,11-8 
It 
Ring I-A 1-8,11-8 
r ing I-B 1-3 ' ,H-S 
r ing I-A 1-6,11-8 
8. The proton assigiment of bifLsvanoids with reference to nmr data of the 
corresponding monomers should be used with caution. This i s evidenced in the 
33a 
s tructure assignment of 1-4', I I - 4 ' -di-0-methyl cupressuflavone which was 
33b l a t e r revised to 1-7,II-7-di-O-methyl cupressuflavone ,38 ,39 . 
9 . In the case of cupressuflavone se r ies , the methoxy groups above 
6.20 with the exception of II-5-n)onoacetyl penta-0-methyl cupressuflavone are 
/ - I 
associated with a I - 4 ' ( I I - 4 ' ) grouping , the acetoxy groups a t 1-7 ( I I -7) 
always appear aboveT7.90 while those a t 1-5 ( I I -5) and I - 4 ' ( I I - 4 ' ) show up 
above T7,45 andT7.90 respect ively . 
10, There is a la rge difference between the chemical sh i f t values of 
H-II-6 (^"3.49) and H-II-8 (T2.95) for the hinokiflavone se r i e s ( I - 4 ' - 0 - I I - 8 
and 1 -4 ' -0 - I I -6 ) . 
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(e) Mass Spectrometry 
The mass spectra of a wide variety of organic natural products.have 
been studied only during the last few years. The introduction of inlet system 
suitable for volatilization of high molecular weight (M ,300-1200) organic 
materials has greatly increased the utility of mass spectrometry. Generally 
fragmentation is relatM to the structure of the intact molecule. Recently 
a number of papers on the evaliJation of structure- fragmentation pattern 
relationship in mono-and biflavanoids have appeared. 
Flavones: 
In a recent paper Kingston has discussed the mass spectra of a 
large niimber of flavones, fLavonols and their ether derivatives. He has summar-
ized the manner in which mono flavones fragment as follows: 
(a) Flavones with fewer than four hydroxy groups do not readily fragment, 
a consequence of the stability of their moleculsir ion. 
(b) Flavones with fewer than four hydroxy groups tend to vindergo decomposi-
117 1lS 
tion predominantly by way of the retro Biels-Alder process * . This and 
117 
other common fragmentation processes are shown in Chart-2 using apigenin(XXVI) 
as a t y p i c a l example. 
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(XXVn M*270 (1001 «.\-8 
§ = C ^ ^ OH 
(C) nWe 121 (A ) m/e 152 
m/e242(major) 
(B) m/c i i8 
A-28~|"^ 
Alternative r e t ro Diels-
Alder process to give f ragment ( C ) 
q7^^' 
HO 0-^ 
A 
V 
H 
.a ®^ Retro U^ r—/ V «"P^ Ketro 
OH 
"^"^ ^^ Qv °" 
(C ) m/e 121 C H A R T 2 
6 
(c) An 1^1 ion i s often found in the mass spectra of Havones, i t s 
origin i s , however, obscure, 
(d) The presence of ion (C) (Chart .2), frequently more intense when 
a 3-hyiroxy gix>up i s present, i s a t t r ibu ted to the a l t e rna t ive mode of 
retro-Dields-Alder fragmentation also depicted in Chart 2 . 
(e) Doubly charged ions are frequently present . 
(f) When heavily subst i tuted with hydroxyls and methp:!<yls, the fLavone 
tends to fragment in a l e s s predictable manner, r e t ro Diels-Alder process 
becomes insignif icant and the spectrum i s dominated by the molecular ion 
and ions a t M-15, M-28 and M-43''''®'''''^. 
The pr incipal peaks in the mass spectra of flavones (l-19) are 
given in TabLe-VII. The major conclusions deduced from analysis of these 
spectra and other spectra in the l i t e r a t u r e are discussed below: 
(M-H)^ I 
Loss of hydrogen from the molecular ion i s a s ignif icant process 
in two d i s t i n c t s i tua t ions ; 
( i ) Loss of hydrogen i s observed from a l l the samples examined 
which contain a free 3-or 6-hydroxy group ( e . g . compounds 11,13,15) with 
the sole exception of the 2 ' , 3-dihydroxy fLavone (17) where fragmentation 
i s dominated by the intense (M-OH) ion. This observation may be r a t i o n a l -
i}i 
ized by the assumption tha t loss of hydrogen occurs from the 3-or the 6-OH 
group to give the stable quinonoid ions (XL) or (XLl) (Chart.3, R = R' = H), 
OR 
(XL) 
( X L I ) 
(Chart 3 ) 
( i i ) Hydrogen atom i s lo s t from a l l the fLavone methyl e thers examined 
which have an OCH_ group at e i ther the 3-position ( e . g . compovtnds 12,14,16,18,19) 
or the 5-position ( e . g . compounds 2,5,12,16,18,19), with the exception of compound 
d o ) where another more fac i le fragmentation takes place. The H atom i s probably 
l o s t from the 3~ or the 5-OCH- group, and i t i s proposed that the ionized GO group 
displaces an H atom from oneof these groups with the formation of the s tab i l ized 
intermediate (XLIl or XLIII) (Chart 4 ) . 
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(14-CH J"^: 
This ion i s abundant in the mass spectra of a l l the 6-and 8-methoxy-
flavones examined ( e .g . compotinds 8-10). I t i s almost cer ta in tha t formation 
of the s table quinonoid cation XL (or the isomeric cation derived from an 
S-methoxyflavone) from the precursor (XXXIX) (Chart 3, R = CH„) provides t he 
driving force for t h i s fragmentation, which i s so fac i le tha t competing 
J . 
fragmentations such as the formation of the (W-H) ion are great ly raduced 
( e . g . compoTjnd 10). The 3-methoxyflavones examined ( e . g . compoxinds 12,14, 
16,18,19) also display a moderately intense or intense peak a t ( M-CH_), 
presumably due to formation of the s tab i l i zed cation corresponding to XLI 
from (XXXIX) (R = H, R'=CH»j Chart 3 ) . In t h i s case, however, loss of a GIL 
radical appears not to compete so effect ively with other processes such as loss 
of an H atom (compounds 12,16 and 18) and the in tens i ty of the (M-CH ) ion 
i s correspondingly reduced. The observation of an intense (M-CH-) peak i s 
thus diagnostic for a 3 - , 6-or 8-inetho3(yfIavone, but failiu:"e to observe t h i s 
peak does not necessar i ly exclude the presence of a 3-methoxy group. 
(M-OH)'*' and (K-OHg)"*": 
' 119 120 
Bowie and White * have reported tha t the spectra of a l l tho 
flavones with a 5-OCH- group exhibit ^-17 and h-l8 peaks. This could be 
se 
69 
explained nn the basis of "Ortho effect" observed in the case of aromatic 
carbonyl compounds containing an ortho methoxy substi tuent , restalting in the 
formation of benzofuran type ion (XLI?), 
^ "Cfj 
(XLIV) 
The M-18 ion i s generally produced by two pathways, I^ s-OH-H and >i-H„0 
(metastable ions substant iate a l l these processes) . Isotopic l abe l l ing 
studies in 0-methoxy benzaldehydes show tha t oxygen of the carbonyl group 
1?0 i s speci f ica l ly involved in the elimination process " . 
120 However, the spectrum of 3-OD, 4*, $, 7-trimetbjoxyilavone showed 
tha t the phenolic hydrogen i s speci f ica l ly involved in M-18 process. Furthermore, 
a large number of flavanoid compoxinds with no 5-methoxy substi tuent also 
exhibit s ignif icant loss of 17 and 18 mass un i t s , thus v i t i a t i n g a simple 
"ortho effect" explanation of the phenomenon. 
(M-OH J"^: 
A number of flavone methyl ethers examined yielded intense or 
moderately intense ions corresponding to the lo s s of 19 mass un i t s , or 
H_0, from the molecular ion. I t was noted tha t only those compotinds (12,14, 
18,19) which had OCH- groups in both the 3-and the 5-positions gave t h i s 
ion, and although i t s origin i s obscure i t could thus be of diagnostic 
importance in the s t ruc tura l analysis of fLavanoid methyl e the r s . 
(M-CH 0)"^: 
This ion of postvilated s t ructure (XLVI) forms the base peak in 
the spectrum of compound 18 (XLV). A number of other methylated flavones 
also yielded (M-OCH„) peaks of moderate in t ens i ty 
H3C0 '/ \VoCH^^"3CO 
OCH3 
(XLV) (XL VI) 
71 
but the in tens i ty of t h i s peak in the spectrum of 18 suggests t ha t i t can 
be used as a diagnostic too l for 2',3-diinethoxyflavones. 
(M-GHXO)'*': 
i 
These ions are significajut in the spectra of 3T 6-, and S-inethoxyHavDne 
investigated (compounds 8-10, 12, 14» 16, 19). Metastable and high resolut ion 
119 
evidences xndicate tha t the ions are formed by l o s s of CO from the 
(M-GH„) ion. Since compounds 8-10 do not contain a 3-niethoxy group, l o s s 
of CO must occur from the quinonoid ion (XLVII) (Chart 5-) to give an ion 
of possible s t ructure (XLVIII). 
OCH3 
/ / \V0CH3 • H3CO.^^..O H 3 C 0 ^ ^ ^ 0 n " 
( j i s ^ ^ C= 0 C - k ^ 
OCH3 °^"3 
(XLIX) 
(Chart 5) 
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Loss of GO from (XLVII) would be expected to occur read i ly by analogy 
with the faci le l o s s of CO from benzoquinones and napthoquinonesl. A few 
compounds with no OCH^  groups in the 3-) 6- or 8-posit ions (5-10) also 
gave moderate or weak peaks at (M-43). I t may thus be concluded tha t the 
observation of an intense peak a t (>i-4.3) i s diagnostic for a 3 - , 6- or 
S-substi tuted methoxy flavones, but the observation of a weak peak a t 
t h i s mass i s inconclusive. 
RDA fragments (A-HH) ^  A"*" ^^ ^^""^ : 
These ions are in general s ignif icant only for flavones bearing 
fewer than four oxygen subst i tuents , although the (A+H) peak can be 
intense in the spectra of a 3-hydroxyflavonas with as many as five oxygen 
subst i tusnts (compound 17). On the other hand, apigenin tr imethylether (5) 
shows only weak peaks due to t h i s fragmentation, so i t i s a somewhat unre l iable 
indicator of molecular s t ructure and subs t i tu t ion pa t t e rn . 
(A-CH„)"^: 
This ion gives intense to moderate peak in the spectra of compounds 
122—124 8-11 and also of some other 6- and 8-methoxyfLavones ^ . Metastable measure-
ments confirm that the (A-GH-) ion a r i ses by fragmentation of the (M-GH )^"*" 
ion as indicated in Chart 5 (XLVII- XLVIII). The (A-CHJ"^ ions should thus 
be usefhl diagnostic ions for the s t ruc tu ra l elucidation of 6-and 8-methoxy-
120 flavones, with the low in tens i ty in the spectra of 3,6-dimethoxyflavDne3 . 
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RDA fragments B"^  and (B-^5)'^: 
These ions are most abundant in the spectra of flavones with upto 
three oxygen subst i tuents , and provide useful diagnostic peaks. The more 
ful ly oxygenated flavones do not give abundant ions of t h i s composition. 
C'^  and (C-CO)'^; 
These ions are nraderately abundant in the spectra of near ly a l l the 
flavones examined, and t h e i r abundance i s roughly inversely proportional to the 
abtindance of the RDA fragments A , (A-15) , and B . They are thus important 
diagnostic ions inasmuch as they yie ld information on t h e composition of r ing C 
and hence, by difference, on the domposition of r ing A a l so . In pa r t i cu la r , 
i f a ful ly methylated flavone which does not show intense RDA fragments i s 
examined, the possible mass numbers a t which fragments can occur are 
r e s t r i c t ed to a small number of p o s s i b i l i t i e s , namely the ions a t n/e 105, 
135> 165 and 19$ for flavones tin subst i tuted and mono, di , and t r i subs t i t u t ed , 
respect ively, in r ing C, In such a case, i f a t ten t ion i s l imited to ions 
with these n/e values, the most intense ion wil l be^ one corresponding to 
ion C, even when a l l the fragments examined are of r e l a t i v e l y low in t ens i ty . 
This "rule" has been found to hold in most of the cases examined. P a r t i a l l y 
methylated flavones can be deal t with by a simple extension of the n/e values 
considered. The observation of a second ion with n/e (C-28) i s confirmatory 
evidence for the fragmentation proposed. 
7 4 
Doubly Charged ions; 
Peaks due t o doubly charged ions are JBoderately intense in the 
spectra of a l l the flavones examined, and caxi be dist inguished from other 
s ignif icant peaks due to fragments A,B and C, by the presence of isotope 
peaks a t non-integral masses. 
FLAVAN0ME3; 
In the case of flavanoids with reduced heterocyclic r ing, fragmentations 
by paths A and B are of great importance as they l ead to clean cut, charac te r i s t i 
118 
spectra . (Chart 6) 
+ 
CH2^ 
PathB 
—>-
(Chart 6) 
Another meiihod of breakdown, that helps to characterise the flavanones 
is the loss of either a hydrogen atom or an aryl radical from the molecular 
/n 
ion to give even electron fragments. 
H3CO 
OCH3 OH 
These framgentation processes are i l l u s t r a t e d in the case of 4'-niethoxyflavanone 
(L) (Chart 7 ) . The fragment with methoxy group takes near ly a l l the charge due 
to resonance s t ab i l i za t ion . 
/ \ \ -OCH3 P ° ^ ^ ^ 
° (L)M^25A 
OCH3 
m/(2 253(30.0) 
OH 
m/e lAl (1.0) 
(Chart 7) 
f > \ HC^ 5^ 
^ ^ ^ : ^ c C H ^ — ^ 
0CH3 
Q m/e 13A (100) 
m/e 120(3.5) 
CH3 i 
HCz/ V o 
\ : > ^ C +CH2 
III m/e 119(13.2) 
0"^ 
m/e 121 (30.0) I 
HC-
+ CH2 m/e9i( l2 .0) 
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A further peak i s a t n/e 108 a r i s ing from a hydrogen t rans fe r reac t ion . 
m/e 108 (10.0) 
The presence of hydroxy! or methoxyl group at C-4 posi t ion of r ing B f a c i l i -
t a t e s , by enhanced resonance s t ab i l i za t ion of the resu l t ing fragment ion, the 
forniation of p-hydroxy benzyl or p-methoxy benzyl ion (or t h e i r equivalent 
tropolium ions) , respect ively. These ions appear as peaks of s ignif icant 
1 ift 
in tens i ty in the mass spectrum of naringenin ( l ) / i t s t r imethyl ether 
OH 1 
CH2 
m/e 107 
The mass spectrum of 3,5,7-trihydroxy-4'-metho3<yflavanone(LI) i s of 
great in te res t , as the base peak i s ne i ther the molecular ion nor a fragment 
a r i s ing from breakdown via path A. The lo s s of a hydrogen atom followed by the 
lo s s of a methyl radica l i s of importance, but the base peak i s fotxnd a t 
77 
n/e 137. The metastable peak at V ® 62.2 indicates that this fragment is 
formed directly from the molecular ion. Several processes can give rise to 
this species. 
r\o 
( L I ) 
CH3 
OH 
OH OH 
m/c 301 (26) 
OH OH 
m/<2 286(9.5) 
OCH3 
HO 
c 
II 
ot 
( L I ) 
HO ^ ^^Tv^^^H 
'K^' c Hi 
0 ^ 
-I-
HO 
m/e l37 (100) 
C = 0 
CH 
in 
m/e 165 (1.1 ) 
( L I ) 
- < ^ 0 C H 3 + CHO 
CHO 
m/e 135 (8.7) 
-h m/c 137 { 100 ) 
T\U^^ 
7S 
In the case of S'-hydroxyflavanones, strong intramolecular in te rac t ions 
occur and the breakdown pat tern becomes so profoundly modified tha t i t i s 
frequently d i f f i cu l t to c lass i fy the substance by reference to standard 
125 breakdown pat terns 
125 2'-Hydroxyflavanone (LIT) showed breakdown patterns A and B 
as well as the loss, of phenyl or hydrogen radical from C-2 to give even 
electron species, but the base peak was at (M-l8) and the third largest 
peak at (M-19). It has been proposed that these peaks arise by ring opening 
of the molecular ion followed by ring closure on to the 2' -hydroxy group 
as shown in Chart B, 
.+ 
OH m/e 239(7) m/e 91(13) 
(L l l ) 
m/e 222 (lOO) 
-H2O 
m*205.A 
- H 
m/e 221 ( 6 0 ) 
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(Chart 8 ) 
8 
Biflavones; 
Seshadri and his co-workers have made a more specific study 
of the mass spectreil fragmentation of the permethyl ether derivatives of 
amentoflavone, cupressuflavone and hinokiflavone. The following fragmentation 
schemes (Chart 9, 10 and 11) have been proposed to explain the appearance 
of some of the ions observed. Molecular ion is usually the base peak. Apart 
from the processes mentioned earlier for apigenin/its trimethyl ether, these 
compounds also undergo: (i) fission of the C~C or the C-O-C linkages between 
the aromatic residues, (ii) elimination of GO and CHO from the biphenyl ethers 
and (iii) rearrangements involving condeBsation between the phenyl rings. 
Steric factors seem to play an important role in influencing the 
breakdown mode and internal condensations. These factors become so much 
dominant in agathisflavone hexamethyl ether that the ion at rt/e 311 appears 
as base peak instead of molecular ion, n/© 622 (90), 
The mass spectra of amentofLavone hexamethyl ether and cupressuflavone 
hexamethyl ether are similar, molecular ion being the base peak in each 
case. Difference lies in the intensities of the corresponding peaks due 
to variation in substitution patterns and steric factors. The main peaks 
together with their intensities in the mass spectra of these compotxnds ai'se 
given below: 
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Amentoflavone hexamethylether ( I Ip^; 
The mode of fragmentation i s shown in Chart 9» 
Main peaks; 
622(100); 621(31); 607(33); 592(S); 576(10); 312(2); 311(5); 245(5); 
1gl(2); 180(3); 135(16) and 132(3). 
CH3O. CH3O 0 
CH3O 
\ />°"3 
OCH3 C 
C H 3 0 Y : ; : r ^ o 
CH30 
>++, 
0 0CH3 
(r\f(Z 576 (10) (B ) 
m/c245 CA90 1 ( A ) 
0 = C - / / XVOCH, 
H C 5 C 7 / A - 0 C H 
CH3O '0 
m /e 310 ( G^ 
OCH: 
m/e 311( 5) 
CH3O 0 
(nP)M"^622 (100) 
J 
c/~\b*CH, 
C H 3 0 l < ? ^ ° ' 
_ 13 / \ ^ x ' ^ c 
m/G 132 ( 3 ) m/e 180 ( 3 ) 
CH3O 0 ^ pj 
(Chart 9) m/e 181(2) 
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Cupresauflavone hexamethylether d l l h ) ; 
The mode of fragmentation i s given in Chart 10. 
f-fetin peaks; 
622(100); 621(3S); 607(g); 592(lS); 576(4); 312(7); 311(14); 
245(11); 135(26) and 132(14). 
CH3O 0 
m/<2 576 ( 4 ) ( B ) 
CH3O 
CH30 
CH3O 
m/c 2A5 (11) (A) 
( ie A90+*) 
OCH3 
OCH3 
m/e 311 (1A) 
CM"''and/orM/2a" 
l I H h ) M'^eza (100) 
0 = C - ^ ^ O C H . ft 
CH 
OCH n-
m/e 135 (26) (Chart 10) 
m/e 132 ( K ) 
Jy3 
The peaks a t ss/Q 6 0 7 and 592 obviously a r i se by the loss of methyl groups. 
The peak a t n/e 576 has been assigned the s t ructure B(Chart 9 & 10), a conden-
sation product. Such a condensation product has been reported to be formed 
127 
when amentoflavone i s heated with zinc dust . The reason for difference 
in the i n t e n s i t i e s of such ions in the spectra of cupressufLavone hexamethyl-
ethsr {iS) and amentoflavone hexamethylether (10^) i s t ha t the former i s a 
syimnetric type. This r e s u l t s in differences in the s t e r i c d isposi t ion of one 
flavone uni t r e l a t i ve to the other, thus hindering or favoiiring condensation 
between the phenyl r ings * 
The ion a t V© 311 i s due to both the doubly charged ion (M ) and 
the apigenin trimethyl ether fragment (M / 2 ) . The difference in the i n t e n s i t i e s 
in the spectra of cupressufLavone hexamethyl ether (l4^) and amentoflavone 
hexamethylether (5^) i s due to var ia t ion in the oxygenation pat tern of the 
biphenyl residues in the two compounds, which i s responsible for differences 
in the l a b i l e nature of the inter-apigeninyl bond. Another explanation wovild 
be tha t the removal of another electron from M i s d i f f i cu l t in the case of 
( U p ) , Thirdly double RDA fission of molecular ion (Up) may y ie ld the 
fragment (C) n/e 310(3??), which a f te r accepting a hydrogen atom gives an 
ion D having n/e 311. 
hi 
I t i s surpris ing t ha t t he ketene fragment a t n/e 180 which 
should be escpected as a r esu l t of the RDA fission of apigenin t r imethyl 
ether -unit, i s p rac t i ca l ly absent in the spectrum of cupressuflavone 
hexamethylether. 
Hinokiflavone pentamethylether (XYh); 
The mode of fragmentation i s considerably different from those of 
amentoflavone, cupressuflavone and agathisfLavone hexamethylethers (Chart 11), 
Main peaks; 
60S (39); 607(12); 593(36); 580(4); 579(11); 578( l l ) ; 576(6); 
431(7); 327(23); 313(100); 312(22); 311(22); 304(2,); 297(29); 296(75); 
281(22); 181(11); 180(3); 135(19) and 132(18). 
8D 
CH30 
0CH3 
CH30 0 
(XV h) 
M'*'608 (39) 
' ' ' \L>~ 
CH3a 0CH3 
ZH'^Qi.yy^:>^Qi 
CH3O 0 
m/e 431 (7) 
c 
CH3O 0 
m / e 2 9 6 (75) 
86 
m/c 313 ( 100 ; 
CH3O 7 Wo-'f- OCH3 
^ " ^ ° ° ,,^, m/e 311(22) 
m / G 2 9 7 ( 2 9 ) ^ . 
CH3O 
m/c579(11)-CH0 
CHr>0 0 
CH3O 0 
(XVh) M"^608(39) 
CH3O, 
Ms 
CH30 0 
m/e 180(3) 
•^H' 
> m / e l 8 l ( l l ) 
CH3O 0 
m/e 327(23) 
(Chart 11). 
0=Z-^ \ - O C H 3 
m / e 135(19) 
HC=C-A \ -OCH3 
m/e 132 ( I 6 ) 
8? 
Ths base peak in this case appears at iq/e 313 and the moleciilar ion 
(n/e 608) amoiints to 39/^  of this peak. This could be attributed to the 
fact that the biphenyl ether bridge suffers easy rupture; hydrogen transfer 
then leads to the 313 fragment. The fission of the ether bridge in (XVh) 
can take in two ways: 
(i) by route (l) giving the ions at n/e 297 (29) and n/e 311(22) and 
(ii) by route (2) giving ions at n/e 281(22) and n/e 327(23)» However, the 
observation that the 313 ion is most intense suggests that route (l) is 
favoured i.e. the bond between the oxygen bridge and the highly oxygenated 
phenyl ring breaks preferably . The ion at n/e 304 is obviously M , since 
the molecular ion in this case cannot split into two equal fragments having 
this n/e value. Further evidence for it being doubly charged ion which is 
provided by the appearance of the isotope peak at half a mass unit higher 
(304.5). Ions at n/e 593 and 578 arise by the loss of methyl groups, n/e 380 
and 579 by the loss of CO and CUD respectively, end n/e 576 by internal 
condensation. The ions due to loss of GO and CHO are not fo\ind in the spectra 
of biphenyl type biflavones. The ions at n/e 431 and 296 arise via various 
modes of RDA fission. 
1 3 
The spectrum of penta-O-methylochnaflavone (XVIIIe) i s also very 
similar to hinokifLavone pentamethylether. The main peaks appear a t 608(M )j 
594; 580; 327; 311; 304(M'^"^); 297; 281, e t c . 
8S 
Agathisflavone hexamethylether ( I V f ) ^ : 
In t h i s case , s t e r i c factors become so much dominant t ha t the 
ion at TC/Q 311 appears as base peak instead of molecxiLar ion n/e 622(90). 
The mode of fragmentation i s given in Chart 12. 
Main peaks; 
622(90); 607(54); 591(98); 573(24); 56 l ( l5 ) ; 521(12); 497(24); 
325(20); 311(100); 281(12); 245(22) and 135(65). 
CHTO 
CH30 +• • OCH. 
CH3O 0 
m /e2A5 (22 ) 
( ie ASO*"") 
CH 
CH3(x^::rx^ 
30 0 
M+622 ( 9 0 ) 
OCH3 
CH3O m / e 3 l l (100) 
(Chart 12) 
OCH3 
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Biflavanones; 
8 lh7'-lS) * 
Jackson e t . a l * have successfully applied mass spectrometry 
to elucidate the structirre of biflavanoids of GB-series (IXa-d) containing 
two flavanone un i t s linked throughCI-3,11-8D 
HO,,,^-rv^O 
OH 0 
(IX) 
(a) GB-1 
(b) GB-1 a 
(c) 08-2 
(d) GB-8a 
(e) GB-1-Heptamethylether 
OH 
H 
OH 
H 
OCH. 
< 
H 
H 
OH 
OH 
H 
9 ) 
All the features observed in the mass spectra of bifLavanoids of ' GB' 
se r ies and t h e i r methyl e thers have analogies with s i n i l a r l y subst i tuted 
in 
monoflavanones. The mass spectrum of GB-1 heptamethylether (IXe) showed 
the presence of ions a t n/e 121, 154» 1^ 1> 312 and 476. The presence of ions 
a t n/e 154 and 181 consistent with the fragmentstC,H , (OMe) .0H3'^'and 
CC/^Hp(OMe)p.OH.GOlI,' respectively, suppoiiied the presence of phloroglucinol 
r ing system derived from a 5, T-dih^Tiroxyflavanone system. In addition, the 
presence of another aromatic r ing was suggested by an ion a t n/e 121 
consistent with aCMe 0. C^H.GHpH fragment. Mass spectrum also supported 
the nature of the linkage since the fragmentation of moleculsir ion a t 
n/e 656 Can be ra t ional ized by RDA react ion of flavanone, f i r s t a t rJJig I-G 
to give a fragment ion a t n/e 476, followed by a s imilar fragmentation a t 
r ing II-G to give an ion a t n/e 312. This two stage breakdown fragmentation 
pat tern i s fu l ly substantiated by the presence of metastable peaks. These 
r e s u l t s can only be accommodated by a linkage from the oxygen heterocyclic 
r ing I-G to the phloroglucinol r ing II-A (Ghart 13) • 
9 
0CH3 
Electron 
bombardment 
& 
thermal 
decomposition 
CH. H 
OCH3 
CH30 y 
m /e 312 
OCH3 
nn/el5A 
-1 + OCH-
OCH^ 
m/e 164 
(Chart 13) 
9^ 9 
The production of phloroglucinol dimethylether a t n/e 154» a process which 
i s not observed in simple analogous flavanones, i s probably of thermal 
or ig in . In fact phloroglucinol i s so read i ly l o s t from GB biflavanones 
tha t i f the temperat^^re of the ion chamber in the mass spectrometer much 
exceeds the minimum ('^200 ) for evaporation of the sample, there i s 
d i f f i cu l ty in detect ing the molecular ion. The thermal i n s t a b i l i t y of 
GB-1 was established by heating i t in a tube at 280 and from the pyrolysis 
products, phloroglucinol was isolated and character ised. 
As suggested by Pe l te r , the ion a t n/e 312 cannot be due to 
the formation of apigenin tr imethylether because fragmentation pat tern 
below 312 bears no resemblance to tha t of apigenin t r imethyl e ther . The 
ions, n/e 180 and n/e 132, which could a r i s e by RDA react ion of apigenin 
trimethyl ether, are en t i r e ly absent from the spectra of GB biflavanone 
methylethers. Further, the a l t e rna t ive isoflavanone-flavanone s t ructure(LII l )^^ 
proposed for 'GB' biflavanones was rxiled out on the basis of the appearance 
of the ion at n/e 121 in the spectrum of GB-2 octamethylether, which coiild 
only ar i se from C-2 of a flavanone. 
93 
C H 3 0 ^ ^ 
CH3O 0 
OCH3 
OCH3 
GB-I(niethylether) 
GB-la » 
GB-2 " 
GB-2a » 
(LIII) 
K. 
OGH, 
H 
OCH, 
H 
H 
H 
OCH, 
OCH„ 
The prominent ions a t n/e ISO and 132 noted in the mass spectrum of apigenin 
tr imethylether are en t i re ly absent from the mass spectrum of GBl heptamethyl-
e ther . This c lea r ly indicates the unacceptabi l i ty of P e l t e r ' s implicat ions. 
Further, the mass spectra of the parent compounds GB-2 and GB-2a (Chart 14) 
showed c lear ly the presence of ions at n/e 107 and 123 consistent with the 
fragments obtained from aromatic r ings I-B and II-B respectively, GB-2 i n i t i a l l y 
loses the elements of phloroglucinol (M-126), and then, by a RDA process, r ing 
II-C fragments to give an ion with n/e 296 (and not n/e 312). Additionally, 
two successive RDA fragmentations around r ings I-C and II-C of GB-2a give an 
ion at n/e 270 (and not a t n/e 286). This evidence c l ea r ly established tha t 
the 3,4-dihylroxyphenyl system cons t i tu tes r ing II-B and not r ing I-B in 
GB-2 (IXC) and GB-2a(lXd)^. 
9'i 
(Chart U) 
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Flavanone-flavone type biflavanoids; 
VenkataraHian e t . a l Jackson e t . al and yishwaaathan e t . a l have 
reported the mass spectral studies of [11-3, I I-S3 linked flavanone-flavone 
type biflavanoids. These combine the charac te r i s t i c fragmentation pat terns 
of a flavanone and flavone. The mass spectrum of talbotaflavone hexamethyl 
55 
ether (Vllh) shows fragmentations as shown in Chart 15. 
The mass spectra l fragmentations of morelloflavone (Vila) hepta-
50 
methylether are similar to those shown for talbotaflavone hexametbylether 
(VI]h) except for the increase of 30 mass u n i t s in the ions (Chart 15) C {3%), 
D(lO^), Ei2%), F(46,^) and G(22^) due to an e^^ra methoxyl group in the 
II-B r ing . The i n t e n s i t i e s of other ions are A (32%), B(32^),H ( l3^) , and 
I (100^). 
The mass spectral studies of the biflavanoids reveal that their 
fragmentation patterns depend not only on the constituent monomeric flavanoid 
units but also on the natrxre and position of interflavanoid linkage. While the 
cracking patterns of simpler flavanoids are less complex, in application of 
these concepts to biflavanoids, one has to take into consideration the influence 
of the additional structural and steric factors. 
0CH3 1 • ye 
m/ei37(l2) 
C H 
m/e 132(12) 
(C) CH3O 
o u X u 
I 
CM 
OCH3 
CH30 
m/e5l7 (E) 
OCH3 
n'' 
CH3O 0 
m/e 180(15) 
OCH3 
CH3O 
&'0 
m/e i35 (22)(D) 
CH3O 
< r ^ OCHJH*-
^ \^ 0CH3 
©CH2 
m/c 121 (100) 
( B ) 
ocH3n' 
m/(2Al5 -CO 
(15)-^ 
(G) 
OCH3 0 
(Vllh)M"^62A 
CH20.^^:^^^0H 
© 
.CH2 
OCH3 0 
m/c 195 (92) 
m/eA44(50)(F) CH3O 6® 
m/el8 l (8A)(A) 
:H30V^^^:^\XIH~]' 
0CH3 
m/c 154(36)(I) 
CHART 15 
It 
CH3O 0 
m/c 312 (A5)( H ) 
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3. Degradation; 
Degradation of flavarjoida and biflavanoids can be brought about 
either by alkaline hydrolysis or oxidation with alkaline hydrogen peroxide: 
Alkaline Hydrolysis; 
In general, a flavone (XXVI) gives four products which arise by-
opening of the pyrone ring followed by the fission of the intermediate 
O-hydroxy-p-diketone (LIV) by two different paths, (a) and (b) Chart 16. 
<^Xy/ w OH 
0 
HO^ 
HO 
HO • ^"^ Q^.-OH attack a t (A) 
Path a 
I® I" 
HOv^^N- ' OH 
kA 
OH 
I 
CO2H 
: ; ' ^ » " 
'/ WOH 
• \ ^ (Chart 16) 
OH 
9P> 
The intermediate (LIV) can be isolated if cold ethanolic solution of caustic 
soda is used. 
In the case of biflavanoids, 'Ketoflavones' axe the characteristic 
degradation products of alkaline hydrolysis. Hydrolysis of ginkgetia (Ilf) 
by Kariyone and Kawano gave p- hydroxy acetophenone, 2,3-dihydroxy-4-
methoxy acetophenone and a 'Ketoflavone' Cp,H gO„, whose structure was 
31 
established as (LV) 
CH3O 
HoC 
/ VOH 
OH 0 (LV ) 
Alkaline hydrolysis of both isoginkgetin (Ilg) and sciadopitysin (Urn) gave 
the same ketoflavone (LVI), thus supporting the structures proposed for 
31 
these biflavones . 
99 
^°T^^° Tr^-/~VocH3 
OH 0 
7 WocH, 
OH 0 
R = Hj Isoginkgetin (I lg) 
R = CH_j Sciadopitysin (Ilm) 
OCH: 
OH 0 
(LVl) 
Oxidation with Alkaline Hydrogen Peroxide; 
Alkaline hydrogen peroxide oxidation has been very helpful in the 
determination of the interflavanoid l inkage, Ginkgetin tetramathylether on 
oxidation with a lkal ine hydrogen peroxide, gave anis ic acid, 2-hydroxy-4, 
6-dimethoxy benzoic acid and a conqpoimd (C -H^Ort). 
10 
COOH 
Ginkgetin ( I l f ) tetramethylether 
- > 
COOH 
M^ 
0CH3 
C17H16O8 
The compovind ("^IT^-IA^CJ) ^^LS shown to be a dicarbosqsrlic acid, containing three 
methoxyl groups and one hydroxyl group. To f i t in a l l the spectral data, two 
s t ructures (LVII and LVIII) were proposed for the dicarboxylic acid 
HOOC 
OCH3 
COOH 
OCH3 
(LVII) 
HOOC 
CH 
OCH3 
30>.^;^>^OCH3 
^ ^ y - ^ C O O H 
OH 
(LVIII) 
These facts proved that a biphenyl residue must exist in ginkgetin molecule 
and that interfLavanoid linkage must involve position 3' of one flavanoid 
residue and 6 or 8 of the other. The two struct^ arss (Up) and (LIX) for 
ginkgetin tetramethyl ether were, therefore, considered. 
lOi 
CH30 0CH3 
OCH3 0 
CH^Qy^^^^^ 
(\\p) OCH3 0 
0CH3 
CH30 
OCH3 0 
OCH3 
(LIX) 
Of the two s t ructures , one involving C 1 - 3 ' ^ H - ^ ^ linkage was preferred. The 
other s tructure C I - 3 ' , II-6I1 was considered unl ike ly since the II-5-0H in a 
compound with t h i s s tructure would be s t e r i c a l l y hindered and there was no 
evidence that t h i s hydroxyl group in ginkgetin was exceptionally d i f f i cu l t to 
99 
methylate . The s t ructure (Up) with C1-3',11""^^ l i n a g e was, therefore, 
proposed for ginkgetin tetramethyl ether and structt ire (L?II) for the derived 
carboxylic acid« 
4 , Synthesis; 
The synthesis of the biflavanoids with reduced heterocyclic r ings i n t ro -
duces problems of stereochemistry which can be expected to offer a great 
challenge to the chemist of the future. However, recent ly synthesis of hepta-0-me 
135 
methyl fukugetin (Chart 19) has been reported . A p a r t i a l synthesis of GB-la 
iO:> 
.8 
has also been effected .The synthetic approachss to members of the bifLavone 
families f a l l into five d i s t i n c t ca tegor ies . 
1. Coupling of two flavone nucle i by t h e UUmann react ion. 
2 . Ullmann synthesis of su i tably subst i tu ted biphenyls and biphenyl e thers 
followed by t h e i r heteroaimulation to bifLavone s. 
3 . Wass eley-I4Dser rearrangement of ex i s t ing biflavones e .g . interconversion 
of cupressuflavone and agathisflavone . 
4. P a r t i a l methylation and demethylation of na tura l or synthetic biflavones. 
5. Phenol oxidative coupling of flavones. 
1. Ullmann Coupling of Flavones; 
A ntunber of biflavanoids with d i f fe ren t interflavanoid linkages have 
128 131 been synthesized by the appl icat ion of Ullmann react ion * ^ . Nakazawa 
accomplished the synthesis of amentoflavone hexamethyl e ther by mixed 
Ullmann reaction between 3 '- iodo-4 ' ,5,7~tr i-0-methylf lavone (LX) and 
8-iodo-4-', 5f 7-tri-O-methylflavone (LXI). Gupressuflavone hexamethylether 
was obtained as a byproduct and was found iden t ica l with the one obtained from 
37 
na tu ra l sources. Later on seshadri e t . a l have also synthesized cupressu-
flavone hexamethylether from 8-iodo-4'>5,7-tri-O-methylflavone (LXI) 
•under modified conditons of Ullmann condensation. 
CH30 
0CH3 0 (LX) 
103 
CH30 0CH3 
CH30 
CH30 
0CH3 
0CH3 
OCH-
(Up) ( I l l h ) 
The synthesis of CI-4'-0-II-8J and D-4'-0-II-6 3 linked hinokiflavone 
mathylethers has been reported by Nakazawa . The permethylated 3'-nitro-
biflavone methyl ethers, the key intermediates were obtained by condensation 
of 3'-nitro-4'-iodo-5,7-di-0-methylflavone (LXII) and 8- and 6-hydroxy-4«, 
lO i 
5,7-tri-O-methylflaVDnes (IXTII and LXIV) in DMSO in the presence of K CO , 
The n i t ro ethers were reduced by NapSpO , in aqueous DMF, diazotized and 
decomposed with 50% HoPOg to give pentamethyl e thers of hinokiflavone 
(XVIb and XVh). 
CH3O OCH3 
OCH3 0 
{ L X U ) 
CH3O 
( L X l l I ) 
CH3O 
CH3O 0 
CH3O 
^"'° ° C ^ O Y : ^ V ' ° V - / V O C 
( X V I b J H3 
OCH3 0 
(LXIV) 
CH3O 
CH3O 
OCH-
CH3O 0 
(XVh) 
105 
y 1 VN 
Seshadri e t . a l have reported tha t demethylation and Wesseley-Moser 
rearrangement occiirred during Ullmann condensation between 8-iodo apigenin 
tr imethylether (LXI) and apigenin-5,7-dimethylether (LXV) using act ivated 
copper bronze and potassium carbonate in isoamyl alcohol, to give na tura l 
hinokiflavone pentamethylether and cupressuflavone hexamethylether, a f te r 
methylation of the reaction product (Chart 17). 
CH3O 
OCH3 0 
(LXV) 
CH3O 
OCH3 0 
(LXI) 
I.UUmann react ion: cu-bronze; K„CO_ in 
isoamyl alcohol; ref lux 
y 2. Ramethylation of crude p a r t i a l l y demethy-
l a t ed product using MepSO ,/K CO- in 
acetone. t^ k d i 
OCH3 
OCH-
OCH3 
(Chart 17) OCH3 
U6 
2, Ullmann Synthesis of Biflavones via Biphenyl and Biphenylether Precursors; 
132 
Mathai and Co-workers f i r s t introduced t h i s approach to the synthesis 
of biflavones in 1964- However, none of the biflavones prepared by them occurs 
133 
naturally". Ahmad and Razaq appear to have quickly real ized the potent ia l 
of the method and have successfully synthesized the hexamethyl ( I l lh ) and 
tetramethyl ( I l l f ) e thers of cupressufLavone ( I l i a ) as shown in Chart 18. The 
method involved Ullmann coupling between two moleciiles of 1-iodo-2,4»6-tri-
methoxy benzene (LXVI) to form a biphenyl system (LXVII) as the f i r s t s tep . 
Subsequent Fridel Craft ' s acylation,- p a r t i a l demethylation and condensation 
with anisaldehyde gave a bichalcon© (LXIX). Oxidative cycl izat ion o f ^ h i s 
bichalcone by SeOp gave cupressufLavone hexamethylether ( l l l h ) , which on 
p a r t i a l demethylation was converted into cupressuflavone tetramethylether ( I l l f ) 
PCH3 °^^3 , 
Ulimann reaction | l 
0CH3 CH30-^^OCH3 CH3O 
C'^ SOsy^ -^V.^ OCHs 
(LXVI) 
6c H3 
(LXVII) 
0CH3 
0CH3 CH3 COCl 
X) AICI3/ Ph NO2 
U7 
C H 3 0 , ^ ^ ^ ° ' ^ ^ ^ 
OCH3 
(LXVII) 
OCH3 
kyX^CH3 
OCH3 0 
9^^3 0 
OCH3 0 
(25% yield) 
HC . I > 
alkali 
-OCH3 4 CH30 ^ 
C H 3 0 ^ 
C 
X) 
»CH3 0 
LXIX 
L^Jl^ 0CH3 
Se02 
>• 
—(/ y O C H 3 
OCH3 0 
CH30 0CH3 
BGl3/0*= 
OCH3 
OCH3 
OCH3 
(Chart 18) 
l O i 
- 10 / 
Later on Kawano et. al have also used the same method for the synthesis 
of agathisflavone haxamethyl ether (IVf) and cupressuflavone hexamethylether 
(Illh), From the Friedel Craft's acylation of (LXVII) with acetyl chloride and 
aluminium chloride in diethyl ether, the two compounds (LXVIII) and LXX) could 
be isolated. Subsequent acylation of these compounds with p-anisoyl chloride. 
Baker-Venkataraman rearrangement and ring closure gave cupressuflavone 
hexamethylether (Illh) and agathisflavone hexamethylether (IVf), respectively. 
OCH3 
OCH3 0 
^^^^V^^OH 
Vy-OCH 
OCH3 0 
( L X X ) 
> (LXVIII) 
OCH3 
OCH3 
( I V f ) 
- > ( I I I h ) 
(LXVII) (LXVIII) ( I l l h ) 
The s t ruc ture of OchnafLavone as I -4S I -5» I I -5 ,1 -7 , II-7-pentahydro3qr 
Cl-.3i_0-II-4«3 bifLavone (XVIIIa) was confirmed by the synthesis of i t s 
13 
methylether (XVIIIe) using diphenylether dicarbojsylic acid chloride (LXXI) 
and O-hydroxy phloroacetophenone dimethylether in the following way. 
1U3 
cioc-// \^—0 
^' L Jl 
OCH3 
(LXXI) 
<:^^coch3 
OCH3 
0CH3 
CH3CV^/0C0- / /_WA CH3Ck 
(XVIIIe) 
The a l t e rna t ive s t ructure (LXXIII) suggested for ochnafLavone methylether was 
13 
also sjmthesized in the same way using the isomerxc diphenyl dicarboxylic 
acid chloride (LXXII). 
R OCH3 
(LXXII) 
11 
OCH-
CH30 
CH30 
OCH3 0 
(LXXIII) 
135 Konoshima e t . a l have recent ly reported the synthesis of I I - 3 ' , I~4S H-4'> 
1-5, I I -5 ,1-7 , II-7-hepta-O-methylflavQnene C1-3, I I -8 J flavone (hepta-0-methyl 
fulcugetin (LXXVI) and i t s dehydrogenated der ivat ive (LXXVIl) (hepta-0-methyl 
saharanflavone) (Chart 19) • 
8-Chloromethyl lu t eo l in tetramethylether (LXXIV) was converted into the 
acid chloride whose es te r i f i ca t ion with phloroglucixiol dimethyl ether and sub-
sequent Fries rearrangement |[ave the required ketoflavone (LXXV). This was 
condensed with anisaldehyde and cycl izat ion of the r e su l t ing chalcone gave 
(+)-hepta-0-methylfukugetin (LXXVI). Cyclization of LXXV) with anis ic anhydride 
and sodium anisate (Allan-Robinson method) or dehyirogenation of (LXXVI) with 
iodine-potassixim acetate gave hepta-0-methyl saharanflavone (LXXVIl). 
ill 
CH2CI 
CH30 
OCH3 0 
Chloromcthy lotion 
CH->0 
(LXXV) 
OCH3 o 
£. 
N" 
D 
5 
PCH3 
OCH3 
CH2CO.CI 
I.KCN/CgHg 
2. Hydrolysis 
3.SOCI2 
OCH3 
CH3O 
OCH3 
CHoO. 
HoO'v-.^^^N^^/ 
CH3O 0 (L XXVII) 
(LXXVI ) 
(Chart 19) 
I j 2 
3. Wesseley-Moser Rearrangements; 
Z1 h 
The Wesseley-i'ioser rearrangement which attended Seshadri ' s synthesis 
of hinokiflavone pentamethyl ether (Chart 17) has been put to beneficial use 
by Pe l te r e t . a l for the synthesis of agathisfLavone hexaraethylether. Pe l t e r 
e t , a l t rea ted (+) -cupressuflavone hexamethylether with hydriodic acid in 
ace t ic anhydride a t 130-140 for 8 hours ( typ ica l Wesseley-Moser conditions) 
af ter which t ime the reaction was worked up and reraethylated to give a mixture 
of (+)-agathisfLavone hexamethylether and (+)-cupressuflavone hexamethylether in 
the r a t i o 3:2 (W/W). Ths conversion const i tu ted the f i r s t preparation of a 
member of the agathisflavone family. Benzene induced n.m.r, solvent sh i f t s were 
used to verify the linkage posi t ions in agathisflavone (iVa) and cupressuflavone 
( I l i a ) . 
4. P a r t i a l Demethylation and Methylation of Natural and S.vnthetic Biflavones; 
A large number of p a r t i a l methyl e thers of cupressuflavone and agath is -
flavone has been prepared by the controlled demethylation of cupressuflavone 
hexamethylether. In the i n i t i a l study Seshadri e t . a l obtained only the 
dimethyl and tetramethylethers of cupressuflavone. However, r epe t i t ion of the 
136 
react ion by Rahman and h is Co~worker3 showed tha t there i s an added complica-
t ion , for the Wesseley-I'bser rearrangement accompanies demethylation yie lding 
13 
derivat ives of both agathisflavone and cupressuflavone. The 0-methyl 
der ivat ives of agathisflavone have not been fu l ly characterized but on 
remethylation they a l l give agathisflavone hexamethylether. Agathisflavone 
hexamethylether subjected to the sajne demethylation conditions gives an 
ident ica l mixture of O-methyl der iva t ives . From t h i s study i t i s concluded 
tha t demethylation follows the sequence C-5» then C-4S and f ina l ly C-7j 
prec ise ly the same sequence i s observed for apigenin tr imethylether (XXXVIIIa). 
P a r t i a l methylation of cupressuflavone with 5-5 equivalents of dinjethyl 
sxilphate has been used by Seshadri e t . a l ^ to obtain the t e t r a - ( I I I f ) and 
penta ( l l l g ) methylethers of cupressuflavone. The O-methyl der ivat ives of 
atnentoflavone and hinokiflavone I - 4 ' - 0 - I I - 6 ' " have also been obtained 
by p a r t i a l demethylation of the corresponding biflavone methylethers. 
5. Phenol Oxidative Coupling; 
Of a l l the methods discussed, the dimerisation of apigenin end i t s 
der ivat ives by oxidative coupling offers the most s t ipu la t ing and aes the t i ca l ly 
pleasing route to the biflavones since i t most c lose ly follows the process 
which i s believed to occur in na ture . The application of phenol oxidation to 
137-9 
synthetic chemistry has, therefore, been extensively studied . I t has 
been experimentally established t ha t in the phenol oxidation mechanism, the 
phenolate ion i s oxidised, by an electron oxidant l i k e fe r r i c chloride or 
potassium ferricyanide, to a phenoxy r ad ica l . 
U i 
,3-
h 
The free electron in the phenoxy radical may be shown at various places 
by mesomeric effect. 
The free radicals are then coupled rapidly and irreversibly under kinetic 
control, by three of the many modes of dimerization theoretically possible, 
(i) Hemolytic coupling 
2 Ar 0 > (ArO)g 
(ii) Radical insertion 
ArO + ArO — > (ArO)^ 
(iii) Heterolytic coupling 
A T O " ® 
_ + 
ArO + ArO 
• > 
ArO"*" 
- ^ ( A r O ) ^ 
It is reasonable to assume that coupling occurs fastest at the positions of 
highest density of the free electron except where there is steric hinderence 
of approach. 
The parent biflavones together with their various O-methyl ethers 
exhibit either C-C or C-O linkage between the flavanoid units which might be 
expected to arise through oxidative coupling of an apigenin derived radical 
(LXXVIII) and (LXXIX), as shown below;-
1i 5 
OH 0 
(LXXVIII) 
56 
(LXXIX) 
Molyneux e t . a l have investigated the oxidative coupling of apigenin using 
alkal ine potassium ferricyanide and isola ted two bif].avones, (XIII) and 
(XIV) with interflavone linkages CI-3,11-33 and CI-3 ,11-3 '3 respect ively, 
which have not as yet been encountered in na ture . 
I i 6 
0 OH 
(XIII) (XIV) 
The synthetic coffipounds (XIII) and (XIV) appear to a r i s e presiimahLy by-
appropriate spin-pairing of the mesomeric rad ica l (LXXVIII), although none of 
the symmetrical C I - 3 ' , H - 3 ' 3 linked dimer, which might also be expected to be 
formed, cotild be i so la ted . These observations are consis tent with the findings 
of Kuhnle e t . al who studied the electron sping resonance spectra of flavanoid 
anion radicals (derived from polyhydroxyflavones and having a 5-hydroxy function) 
and concluded tha t the delocat isat ion of an impaired electron i n i t i a l l y generated 
a t the C-4' hydroxy-group in apigenin occurs only in r ings B and G(LXXVIII), 
Thus, in order to achieve an interflavone linkage to r ing A, Folyneux e t . a l 56 
believe that a radical initially generated at C-4- in apigenin and delocalized 
(LXXVIII), attacks electrophilically the electron rich G-6 or G-8 positions of 
the phloroglucinol ring of an intact apigenin molecule i.e. radical substitution 
occurs in preference to radical pairing. 
1i? 
Seshadri e t . a l ^ have recent ly carr ied out exidative coupling of 
apigenin-4.', 7-dimethyl ether (LXXX) with fer r ic chloride in boi l ing dioxan 
and isola ted a dimer in 6^ yield whose proper t ies sugggst tha t i t i s the 
C^-G^ coupled biflavone (LXXXI) 
OH 0 
(LXXX) 
(LXXXI) 
On the basis of these findings, Seshadri e t . s i have suggested tha t when 
hydroxyl groups are protected by methylation (leaving only the 5-OH free) , 
dimerisation takes place through 6- or 8-posit ions of the A r ings . I t i s 
reasonable to expect tha t in nature adequate mechanisms are available for 
protect ing the hydroxyl groups and bringing about the coupling through the 
posi t ions in A-ring, 
D I S G U S S I O i \ ' 
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BIELAVANOIDS FROM THE LEAVES OF GARCDJIA DULGIS KURZ (GUITIIJEREAE) ; 
25 The genus Garcinia Linn (Quttifereae) consis ts of 180 species, 
mostly evexygreen t r ee s ra re ly shrubs d is t r ibuted in t rop ica l Asia, Africa 
and Polynesia. Ten major and twenty c losely a l l i e d species occur in India , 
Some of them are large t r e e s useful for timber. They have tumor damaging 
capacity and are used as a i i t ib io t ics . 
The s t r ik ing featiire of the species examined so far i s t ha t they 
possess only theCt-3, I l -S l l inked biflavanoids v i th reduced heterocyclic 
systems , Recently, however, the l e a f ex t rac t s of Garcinia l i v ings ton i i have 
7 
been found to contain the flavone dimers of amentofLavone se r ies , The 
biflavanoid const i tuents ident if ied in each Garcinia species are recorded 
in Table-VIII, 
The present discussion i s devoted to the i so la t ion and character-
izat ion of morelloflavone (Vila), GB-2a (iXd), amentofLavone ( I l a ) , 
-jf. 
BGHj.jj (Vllg) and a new coii5X)und, l -4 ' , I -5 , I I -5 , I -7 , I I -7 -pen tahydroxy 
flavaiioneQ-3,II-8I]chromone (LXXXlIa) from the leaf ex t rac ts of Garcinia 
du lc i s . The occurrence of amentofLavone cons t i tu tes the second example 
of the presence of flavone-ilavone type biflavone in Garcinia species 
BJcBjj^i This has also been named as volken s i flavone and talbotaflavone. 
The term BGH-j-j has, however, been used throughout the t he s i s in 
owe subsequent discussion. 
I i 3 
T A B L E - ? I I I 
Spe 
1. 
2 . 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
c ies 
Biflavanoids of Garcinia 
Garcinia soicate 
G. 
G, 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
G. 
xanthochymus 
multif lora 
l i n i i 
l i v ings ton i i 
eugeni fol ia 
buchananii 
volkensi i 
t a l b o t i 
morella 
dulcis 
spec ies( Gutt i f ereae) 
Biflavattoids* 
Ao 
^o 
^ 0 
B 
o 
^0 
C 
o 
C 
0 
A 
o 
\ 
% 
^ 
\ 
B 
o 
B 
o 
C 
o 
B 
0 
D 
0 
D 
o 
B 
o 
B 
0 
B 
0 
g1 K B, - B,_ D F 0 1g1 If 0 0 
B. . D E F F, ^ 
1g1 0 0 0 1g1 
C 
0 
D 
o 
G 
0 
E 
0 
E 
0 
D 
0 
F 
0 
D E F 
0 0 0 
E F 
o o 
1p 
F 
0 
F 
0 
F 
o 
G H 
0 O 
* A^ = VolkensiflavoneAalbotaflavone/BGEj.jj 
^1c1 ~ VolkensiflavDne-ll-7-O-p-D-gLticosyl (Spicataside) 
B^ = MorellofUvone/Pukugetin/BGIL., 
^1g1 ~ ^rel lofLavone-lI-7-O-p -D-glucosyl (Pukugiside) 
B^^ = II-3'-0-Methyl fakugetin 
C = GB-1 
o 
D = GB-la 
o 
E = GB-2 
o 
F = GB-2a 
o 
^1g1 " GB-2a-ll-7-0-p-D-glucosyl (Xanthochymisside) 
G = Anient ofLavona 
0 
G = 11-4-'yO-I-lethyl amentoflavone (PodacarpusfLavona A) 
H = I-4», 1-5, I I -5 ,1 -7 , II-7-Pentahydroxy flavenone C l - 3 , ll-Bj chromone. 
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Leaves of Garclnia dxilciB Kuxz were procxired from National Botanical 
Garden, Sipore, West Bengal, India . The acetone ext rac ts of the coarsely 
powdered leaves were purif ied by solvent fract ionation and column chromato-
graphy ( s i l i c a gel) to give a yellow solid which responded to the usual 
flavanoid colour t e s t s . I t was fotmd to contain th ree c lose ly moving 
spots (TLC, EPF), two major and one minor which were labe l led as GDI, GDII 
and GDIII in t he increasing order of B^ values . The solid was dissolved in 
28a 
e thyl ace ta te and the solut ion extracted with aqueous sodium te t rabora te 
The organic phase famished mainly GDII and GDIII while ac idi f ica t ion of the 
borate phase gave mostly O I . Further separation and ptarification of each 
fraction was achieved by preparat ive-layer chromatography on s i l i c a ge l . 
GDI was further separated into two fract ions QDI-A and GDI-B by column 
chromatography ( s i l i c a gel) using acetone-benzene (1:9) as eluent followed 
by preparat ive-layer chromatography ( toluene-ethyl formate-formic acid, 5s4-!l)« 
GDI-A was characterized as morelloflavone (Vllg) by spectral s tudies 
of i t s methyl ether and acetate.GDI-B was characterized a s GB-2a (IXd) by 
spect ra l s tudies of octa-O-methyl flavanone-chalcone s t ruc ture (LXXXIV) 
formed during nBthylation, The aceta te m.p, 146-148° could not be ident i f ied 
at i t s NMR spectrum did not correspond to saxj of the expected s t ruc tu res . 
However, i t gave the dame methyl ether on deacetylation followed by methylation, 
(H)II on acetylat ion gave an aceta te which on fract ional c rys t a l l i za t ion 
analysed for BGHj^ j aceta te (LXXXIII), (2)11 on methylation with dimethyl su l -
phate and potassium carbonate gave a mixture of two pix)ducts (TLC), They were 
separated by preparat ive-layer chromatography to give GDIIM-- and GDIIKj.-. and 
21 
characterized as amentoflavone hexaaietlqrl ether (Up) and BGH-j,. hexamethyl 
ether (Vllh) respectively, by NMR and mass spectral studies. 
G©III was characterized as a new cpmpoTjnd of flavanone-chromone 
structure (LXXXIIa) by NMR and mass spectral studies of its nethyl ether. 
The acetate m,p. 140 , however, could not be characterized. 
122 
(vin 
(a ) R=H,R-,= OH 
(b ) R=Me,Ri=OMc 
(9) R=Ri = H 
(h) R=M(2,Rl=H 
{ID OR 0 
(a) R=H 
l b ) R = M e 
(a ) R=H 
(b) R=Me 
OR d 
( L X X X I I ) 
AcO. 
,-OAc 
OAc 
OAc 
( L X X X I I I ) 
CHaO^^P^^O 
CH30 d 0CH3 
OCH: 
CH3O b 
{ L X X X I V ) 
12i 
TT-q-. I-Z.' • n-D • I-S. I I -6 .1 -7 . II-7-Har.t.hvdm:cvfl«wnone a - ? . I I - 8 3 a.vDne(GM-Al; 
M.P. 
300° 
211-213° 
213-214° 
«f 
0.023 
0,57 
« 
GDI-A (parai t ) 
GDI-AM (methylether) 
GDI-AA' (acetate) 
GDI-A was found to be ident ica l (TH3, U,V and IR spectra) with morello-
50 flavone . (2)I-A on methylation with dimethyisulphate and potassium carbonate 
provided a methyl ether, GOI-AM (M^ 654; '^•^j H / 0-,-i)« ^^ e^ NMR spectrum of 
the methyl e ther showed methoxy s igaals betweenT6»10 to 6,40 which integrated 
for 21 protons. The two doublets atT4.2 and 5.18 (J+^aj^g = 12 Hz) were shown to 
be coupled by double resonance and were assigned to H-2 and H-3 t r ans protons 
of r ing I-C of the flavanone u n i t . The aromatic protons were assigned as shown 
in Table-IX, 
T A B L E - IX 
Chemical sh i f t s of protons of ODI-A methylether 
1:^5 
Signals No, of 
protons Hz Assigament 
2.91d 
3.40d 
2,60q 
2.85d 
3.20d 
4.20d 
5.18 
3.8ld 
3.88d 
3.74s 
3.54s 
6,10-6,40 
2 
2 
1 
9 
9 
J,=9 
•^ 2=3 
3 
9 
12 
12 
3 
3 
-
-
_ 
H-I-2S6 ' 
H- I -3S5 ' 
H-II-6 ' 
H-n-2« 
H-II-5 ' 
H-I-2 
H-I-3 
H-I-8 
H-I-6 
H-II-6 
H-II-3 
7 OMe 
s = singLet, d = doublet, q = quaxtet, 
spectrum run in CDCl^ at 100 Miz, TMS as an internal standard =Tl0.00 
1ii6 
The protons of r ing I I -B gave r i s e to dotible doublets a t T 2 . 6 
^•^ortho "" ^ ^^' '^meta ° ^^^^' ^ doublet a t T 2 . 8 5 ( J^^^^^ = 3H2) and another 
douKLet a t T 3 , 2 i'^Qr^y^ = 9Hz), these s ignals together forming an ABC pa t te rn . 
The H-2' ,6 ' end H-3*,5' of r ing I-B gave r i s e to two doublets i^^^Yc' ^^^^ 
a t T 2 . 9 l andT3#40 respect ively. The two meta coupled doublets (J » 3H2) a t 
T3.88 and 3.B1 were a t t r ibuted to H-6 and H-8 protons of r ing I-A, Of the 
two s ing le t s a tT3*74 andT3.54» the former was assigned to H-6 of r ing II-A 
and the l a t t e r to H-3 of r ing II-C (olef in ic proton) by analogy with 5 ,7-di-
65 
methoxy flavoae where H-8, H-6 and H-3 showed T values 3*47, 3.66 and 3.38 
respect ively . The data was in fu l l agreement with a s t ructure in which C-3 
of a flavanone i s linked e i the r to C-8 or C-6 of flavone u n i t . The mass spectra l 
fragmenjiations of the methyl e ther as shown in Chart 20 also supported the 
above pos tu la tes . The fragmentation of the molecular ion a t v/e 654 could be 
ra t ional ized by RDA of a flavanone a t r ing I-C to give a fragment ion a t 
n/e 474 followed by loss of 28 u n i t s (CO) from a pyrone r ing II-C (flavone 
uni t ) to give an ion of n/e 446. These r e s u l t s coiild only be accommodated by 
a linkage from the heterocyclic r ing I-C (flavanone unit) to the phlorogLucinol 
r ing II-A (flavone u n i t ) . 
The problem of the linkage vdth e i the r C-6 or C-8 of r ing II-A was 
33a 3^ 61 f ina l ly solved by solvent induced sh i f t s s tudies of methoxy resonances ' ^' . 
On change of solvent from CDC1_ to Cz^ D^ » a l l the methoxy resonances ( T 6 , 10-6,40) 
moved upfield ( T 6 , 5 - 6 . 8 ) showing tha t every methoxyl group had a t l e a s t one 
ortho-proton. This c lear ly established the flavanone subst i tuent a t C-8 ra the r 
than a t C-6 in the flavone half of the molecule. 
1;^: 
O C H - j " ! • 
GDI-AM 
M*, m/c 654 
CH30 y 
m/e l80 
CHaO^^x^TX^OH m/e 152 
^rV/ \^  
OCH3 
OCH3 
m/el65 
CH3O b 
m/(2 311 
> ^ C 
m/el81 
CH3O D 
m/e 5A7 
OCH3 
m/.i2i / - < ° ' " ' ~ ^ ' 
m/e 162 
C H A R T - 2 0 
12S 
On acetylat ion vdth pyridiue-acet ic ajahydride GDI-A gave an 
aceta te , GDI-AA'. The r e su l t s of NMR studies are shovm in Table-X. 
T A B L E - X 
Chemical sh i f t s of protons of GDI-A acetate 
Signals No. of 
protons 
JH Assigaioent 
2.47d 
3 . Old 
2.15q 
2.68d 
2.15d 
3.4J0d 
3.52d 
3.21s 
3.92s 
3.38s 
7.26-8.08 
2 
2 
1 
24 
9 
9 
J ,=9 
9 
3 
3 
3 
-
-
-
m. 
H-I-2>3 
H-I-3,5 
H-II-6 ' 
H-II-5* 
H-II-2 ' 
H-I-3' 
H-I-5' 
H-II-6 
H - I - p 
H-II-3 
80Ac 
s = s inglet , 
d = doublet, 
q = quartet 
Spectrum run in CDCl- at 100 MHz, TMS as an in terna l standard =Tl0 .00 
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The doublets due to H-2 and H-3 protons of r ing I-C had disappeared 
and instead a s inglet appeared a t T 3 . 9 2 . Further the s ignals due to acetoxy 
protons integrated for 24 protons instead of the expected 21 protons. I t 
seemed as if, during acetyiat ion, opening of the chromanone r ing I-C had 
occurred transforming the fLavanone to the corresponding chalcone. The 
• signal a t T 3 , 9 2 was assigned to H-pof the chalcone u n i t . The protons of 
one acetoxy group appeared at a considerahLy higher f ie ld , T 8.08, than the 
other acetoxyl protons. I t may be a t t r ibu ted to the phenomenon of i n t e r -
atomic diamagnetic shielding. This shielded acetoxy group may be e i the r 
a t C-7 of r ing II-A which i s close to the unsattirated system of chalcone 
or a t C~4 of r ing I-B which may be under the influence of the r i n g current 
of r ing I I -B in biflavone half of the molecxzle. 
Considering a l l the above facts GHDI-A i s assigned the s tn ic ture of 
I I - 3 ' , 1 - 4 ' , I I - 4 ' , 1-5,II-5,1-7, II-7-heptahydroxy flavanone C l - 3 , I I - 8 3 
flavone (Vila) . 
-OH 
OH 
HO-v<^ \^ 1 11 y^  
OH 
I Vi la 
, 0 ^ 
1) 
0 
) 
OH 
, ( 
-^r\oH 
\ — / 
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I I - 3 ' , 1 -4 ' , I I -4* ,I-5,II-5,I-7,II-7-H©ptahydroxyD:-3,II-83biaavaiione(QDI-B): 
M.P. 
225° 
237-238° 
«f 
0.45(TEFF) 
0.79(BPF) 
GDI-B (parent) 
GDI-M (methylether) 
QDl-Bk (acetate) 146-148° 
The U,?, spectrum of GDI-B showed two maxima in the regions of 293 
and 329 nm, typ ica l of an acylphloroglucinol chromophore, such as t ha t 
found in flavanone . R„ value, m.p. and cha rac te r i s t i c shade in U.V, 
l i g h t indicated GDI-B to be GB-2a . Acetylation of GDI-B with pyridine-
acet ic anhydride gave an acetate , m.p. 146-48°, which could not be charact-
er ized. (2)I-B on methylation with dimethylsulphate and potassium carbonate 
yielded a methyl e ther (2)1-BM (M*, 670, G^gH^O. J . The NMR spectrum of 
GDI-BM (Fig,VII) showed methoxy s ignals between'y6.42-T6.62 which integrated 
for eight methoxyls. The r e l a t i v e l y high values of methoxyls in the present 
case may be due to the use of C,D, in the solvent mixture. I t i s an established 
fact t ha t CDG1-/C^D^ causes upfield shif t '^ ' '* '^^ ^ of methoxyl resonances 
provided tha t the methoxyl groups have a t l e a s t one ortho-proton. This 
observation also supports the interflavanoid linkage a s Q - 3 , II-8II ra ther than 
0 - 3 , 1 1 - 6 3 . The r e s u l t s of NMR studied of GDI-B methyl e ther (GDI-BM) j^d 
GB-Ia heptamethyl ether (LXXXV) are shown in Table-XI. 
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T A B L E ~XI 
Chemical sh i f t s of protons of GDI-BM and GB-1a heptamethylether 
Assignment GDI-HM GB-la heptamethylether 
H-I-6 
H-I-8 
H-II-5' 
4.02 (lH,d) 
J = 2Hz 
3.93 (lH,d) 
J = 2Hz 
3.92 (lH,s) 
3.84 (lH,s) 
3.84 (1H,3) 
3.82 (lH,s) 
H-I-2',$' 
H-II-2,6 
H-I-3S5' 
H-II-3,5/H-II-5 
H-I-2 
H-I-3 
OMe 
s = singlet. 
d = doublet 
272 - 3.14 
(5H, including chalcone 
olefinic proton) 
3.30 - 3.50 
(4H, including chalcoae 
olefinic pi^ oton) 
4.10 (lH,d) 
J = 12Hz 
5.36 (lH,d) 
J = 12Hz 
6.42 - 6,62 
(24H) 
2.50 - 2.80 
(5H,including chalcone 
olefinic proton) 
3.05 - 3.28 
(5H, including chalcone 
olefinic proton) 
4.11 (lH,d) 
J = 12 Hz 
5.38 (lH,d) 
J = 12Hz 
6.11 - 6.50 
(21H) 
Spectrum of OJI-BM run in a mixture of 0DC1_/C.D. and tha t of GB-1a 
heptamethylether in CDC1_ a t 100 WHz and 60'^MHS Respectively, using 
as in ternal standard sTiO.OO. 
TMS 
The doublets a t T 4 . l O andT5.36 (<^trans" ''^^^^ "®^® assigned to 
H-2 and H-3 t rans protons of r i ng I-C of the fLaTanone u n i t . The data 
showed tha t the spectra l proper t ies of GDI-BM were in accord with the 
actajnethyl ether structiire (LXXXIV), in which the heterocyclic r ing II-C 
had opened t o give a chalcone. Thus the NMR spectrum showed the lack of 
AXY system, charac te r i s t i c of the protons of r ing II-C in flavanone 
dimer; in i t s place two low f ield signals appeared in juxtaposit ion with 
the aromatic s ignals of r ings I-B and I I -B a t posi t ions typica l of o lef in ic 
protons of a chalcone (LXXXV). Itoreover, the two doublets cha rac te r i s t i c 
of the a l ipha t ic protons of r ing I-C remained in t ac t in the NMR spectrum 
of Cffll-BM, a tT4 .10 andT5.36 (J = 12Hz), showing t ha t r ing I-C was preserved 
in the cyclic form. Thus under the conditions of methylation using methyl-
sulphate and potassium carbonate, r ing I-C of GDI-BM did not open as in 
G%Ia using Purdie method. However, in some recent work on the biflavanoids, 
7 
morelloflavone and KrH^-j, r ing I-G was observed t o open in the presence 
of strong base and during acetylat ion with ace t ic anhydride-pyridine. 
The UV spectrum of GDI-BM combined the features of simple flavanone 
and chalcone chromophores, and these features were v i r t u a l l y reproduced 
in the composite spectrum of an equimolar mixture of naringenin tr imethyl 
e ther (A-) and 2' ,3,4>4',6'-pentamethoxy chalcone (B.) (Fig, VII I ) , 
CH3O 
850 
700 
550 
111 
u 
z 
< ID g 400 
en 
<n 
< 
250 
100 
O^-MI 
N l \ 
IT 
\\ 
» \\ \\ 
A 
»\ 
iL J 
^«^_ ..^rf^ 
V * # ' ^ 
•w*^ 
1 1 • • I 
220 240 260 
/ * A 
« i 
1 
1 1 
1 
1 
1 
/ ' •«» \ ' j / ^ 
/ / V \ ' ^ 
If \ V « V ^ Zc ^ P 
/ ' ^^^t." 
« • » 1 ' ' « 1 1 
280 300 320 340 
WAVELENGTH 
\ 
\ \ 
\ 
\ 
\ \ \ 
\ 
^ \ 
^ \ \ \ 
\ \ 
\ H \ \ \ \ \ ^^-•(GDI-BM) 
• > 
360 380 400 420 
F I G . V I I I 
CH30 
(LXXX IV) 
133 
H O Y : ; ^ ^ ^ 
O 
S 
T3 
O 
E 
3 
GB-la 
CH3O 
CH3O 0 
(LXXXVJ 
OCH3 
13 
The mass spectral ^agmentation also supported the flavanone-chaloone 
s tructure (LXXXIV) by showing a molecular ion a t 670 and fragmentations a t 
n/e ISO and w/e 4.9O. There was also a very s ignif icant peak a t V© 191 
which may re su l t from fragmentation of the chalcone par t in the molecular 
ioB or a l t e rna t ive ly from fragmentation of the peak a t -O/Q 490 as shown ia 
Chart 21 . This evidence together with the so lub i l i t y of GDI-B in aqueous 
borate c l ea r ly established tha t 3,4-dihydroxy phenyl system was present and 
tha t consti tuted r ing I I -B and not r ing I-B. 
CH-jO 
PCH3 
OCH3 
CH3O 
< 
Q 
M+, 670 
( LXXXIV) 
OCH3 
m/e 191 
CH3O. 
+ 
CHoO 
CH3O 
m/e 490 
CHART 21 
UJ 
Considering the above facts GDI-BM cons t i tu tes a new compound 
and i s assigned the s t ructure of 11-3,1-4'> 11-4 ,1-5 ,11-6 ' , I -7 ,11-4 ' , 
II-2 '-octa-0-inethyl flavanone C I - 3 , I I - 3 ' 3 chalcone (LXXXIV). The correspond-
ing parent compound should, therefore, have the s t ructure of I I - 3 ' , I - 4 ' , 
I I -4 ' , I -5 , l I -5 , I -7 , l I -7 -hep tahydn)xy Cl-3,lI-SllbifLavanone (IXd). 
CH3O A ^ \ - 0 C H 3 
3PCH3 
CH3O 
LXXXIV) 
J 
c 0 
•*•' 0 
> i 
£ 
». 
m 
0 
u <vi 
iC 
^^  
"^ 
0 
{ / ) 
'/ WOH 
136 
1-4' , 11 -4 ' , 1-5, n - 5 , 1 - 7 , II-7-fiexH-O-inethyl C I - 3 ' , H-S J biflavone(GDIIM ) : 
GDII on methylation and separation by preparat ive- layer chixjinatography 
yielded a mixture of methyl e thers , GDIIM and GDIIKj-^, R- values m.ps and 
cha rac te r i s t i c fluorescence in U.V l i g h t indicated GDIIM to be amentoflavone 
7,78 1 
KMR hexamethyl e ther , and GDIIMj.^  as BGHj^ ,. hexamethylether. The r e s u l t s of K 
studies of GDIIM and amentofLavone hexamethylether are shown in Table-XII, 
T A B L E - XII 
Chemical sh i f t s of protons of GDIIM and anentoflavone hexamethylether 
Asagnment GDIIM, 1 AmentofLavone hexamethylether 
H-I-8 
H-I-6 
H-lI-6 
H-1-3 
H-lI-3 
H-1-6' 
H-1-2' 
H-1-5' 
H-ll-2«, 
H-Il-3'; 
0CH--1I. 
,6' 
r5' 
-5 
1-5,1-7,11-7, 
I-4',II-4« 
3.58(lH,d,J=3Hz) 
3.70(lH,d,J=3Hz) 
3.42(lH,s) 
3.52(lH,s) 
3.48(lH,s) 
2.10(lH,q,J=9Hz, 
J2=3H2) 
2.l6(lE,d,J=3Hz) 
2.94(lH,d,J=9Hz) 
2.65(2H,d,J=9Hz) 
3.27(2H,d,J=9Hz) 
5.95(3H,3) 
6.10,6.18,6.24,6.28, 
6,29 respectively 
3.52(lH,d,J=3Hz) 
3.66(lH,d,J=3Hz) 
3.38(lH,s) 
3.48(lH,s) 
3.42(lH,s) 
2.1C( 1H, q, J^=9Hz, Jg=3Kz) 
2.l6(lH,d,J=3Hz) 
2.88(lH,d,J=9Hz) 
2.62(2H,d,J=9Hz) 
3.24(2H,d,J=9Hz) 
$.95(3H,s) 
6.08,6.14,6.20,6.26, 
6,27 respectively 
s = singLet, d = doublet, q = quar te t . 
Spectra run in GDCl at TOO MHz, TMs as an i a t e m a l standard =T10«00 
u? 
Associated with r ings I-B and I I -B, there were evidenced ABX and 
ApBp systems. Thus r ings I-B and II-A of the biflavone seemed to be inwlved 
in interflavanoid l inkage. In par t icu lar , the values showed tha t C-3' of 
r ing I-B was linked to C-6 or C-8 of r ing II-A. The observation t ha t in 
bifLavones, having an aromatic substi tuent a t C-8, the 5-inethoxy group gen-
e r a l l y appears belowT6,00, led us to believe t ha t subst i tuent (flavone 
uni t ) in GDIIM was located a t G-6 end not a t G-6 of r ing II-A. Further a l l 
metho3{y groups on change of solvent from deuteriochloroform to benzene moved 
upfield showing tha t every methoxy group had a t l e a s t one ortho proton and 
therefore, a C-S ra ther than C-6 linkage was confirmed. 
26a An authentic sample of amentofLavone hexamethyl ether was shown 
to give an N^E ident ica l in a l l respects with t ha t of GDIIM (Table-XII), 
GDIIM i s , therefore, assigned the structxire of I - 4 ^ I I - 4 ^ I - 5 , I l - 5 , I - 7 , I I - 7 -
hexa-0-nlethyl C I - 3 ' , 11-8:3 biflavone ( H p ) . 
CH3O 
OCH3 
Ui 
1-4', n - 4 ' , 1-5,11-5,1-7, II-7-Hexahydroxy flavanoneCI-3, Il-83flavone( BGHjjJ 
M»P. R 
o 
f 
0.46 GDlIKj.j(inetl:?rlether) 250-251 
GOnA (acetate) 205-207° 
NMR apectrtun of GDIIMJ.J(M'*',624; ^36^32°! I^ showed a mult iplet a t 
T 6 , 12-6.40, The multiplet integrated for 18 protons ( s ix metho3Qrls), The 
double resonance ejqperiments showed t ha t the doublet a tT4»30 (J = 12H2) 
was coupled to the doublet a t T 5 . 2 0 . These s ignals were a t t r ibu ted to the 
H-2 and H-3 t rans protons of r ing I-G of the fLavanone u n i t . The aromatic 
protons were assigned as shown in Table-XIII. 
T A B L E - XIII 
Signals 
2.95d 
3.44d 
2.40d 
3.20d 
3.90d 
3.70d 
3.82s 
3.593 
4.30d 
5.20d 
6.12-6.40 
Chemical sh i f t s 
Ho,of protons 
2 
2 
2 
2 
18 
of protons 0 
JHz 
9 
9 
9 
9 
2 
2 
-
-
12 
12 
-
f GDIIM_j 
Assi^ment 
H-I-2',6» 
H - I - 3 S 5 ' 
H - I I - 2 ' , 6 ' 
H - I I - 3 S 5 ' 
H-I-6 
H-1-8 
H-II-6 
H-II-3 
H-1-2 ' 
H-1-3 
6 OMe 
s = s ingle t , d = doublet. 
Spectrtom run in CDC1_ a t 100 Mz, TMS as so. in te rna l standard =nr 10,00 
]J} 
The two se ts of aromatic protons of Ap B- pat tern were assigned to 
r ings I-B and I I -B. The two meta coupled aromatic signals a t T 3 . 9 0 andT3.7 
were a t t r ibu ted to protons of phlorogLucinol r ing I-A, Of the two s ingle t s 
a t T 3 , 8 2 aBdT3,59; the former was assigned to H-6 of r ing II-A and the 
l a t t e r to H-3 (olef inic proton) of r ing II-C« The data was well consis tent 
with a s tructure in which C-3 of a flavanone i s linked e i t he r to C-8 or G-6 
of flavone xinit. The problem of implication of Q-B or G-6 of the fLavone 
un i t in the interflavanoid linkage was solved by studying the solvent 
induced sh i f t s of methoxy resonances *^* , On change of solvent from 
CDCl^  to C,D, a l l the nethoxy resonances ("T6,12 -T6.4D) moved upfield 
( T S . S - T 6 , 8 5 ) (Fig. IX) showing tha t each methoxy group had a t l e a s t one 
ortho-proton. This c l ea r ly established the CI-3; 11-81] ra ther thantII-3,11-63 
l inkage. This assignment was further supported by mass spectra l s tudies of 
GDIIMj-j (Chart 22) , The fragmentation pat tern was iia agreement with tha t 
of morelloflavone heptamethylether. 
6.8 
6.7 
6.6 
6.5 
t- 6.A 
6.3 
6.2 
6. 
6.01 « 1 I I I I I I I r 
0 10 20 30 40 50 60 70 80 90 lOO 
OV.C5D5 1007«CgDg 
ld07.CDCl3 07oCDCl3 
O l — — I 1 _ -
FIG.IX 
i i J 
OCH3 T+ 
C H 3 0 ^ , ; - : : ^ 0 
0CH3 
m;el81(8A) 
GDII Mil 
M*,m/e 62^(3fl»/o) 
CH2 -^  
m/el21(100) 
OCH3 
m/e15A(36) 
CH30 
C 
OCH30 
m/cl80 (15) 
-CO 
nn/cl52 
•Me 
m/e137(12) m/el32(U) 
m/e 
OCH3 415 (15; 
C 
CH3O B 
m/e 311(A0) 
CHART 22 
i 1 
GDII on acetylat ion with acet ic anhydride-pyridine and f ract ional 
c rys t a l l i za t ion gave an acetate GDIIA, There seemed to be a complete lack 
of corre la t ion between NMR spectra of i t s methyl e ther and acetate as also 
found in the case of morelloflavone. The doublets a t T 4 . 3 0 andT5,20 due to 
H-2 and H-3 protons of r ing I~C had disappeared and instead a downfield 
singLet appeared a t T 3 . 9 6 . Further the sig?aals due to acetoxyl protons 
integrated for 21 protons instead of expected 18 protons. This observation 
based on fLavanone-chalcone isomerization during ^.cetylation has already 
been reported . The s ing le t a t T 3 . 9 6 was assigned to H-f3 of the chalcone 
u n i t . The r e s u l t s of NMR studies of GDIIA are shown in Table-XlV. 
T A B L fi-XIV 
Signals 
2.50d 
3.04d 
2.04d 
2.84d 
3.44d 
3.56d 
3.27s 
3.96s 
7.66s(3H) 
7.72s(3H) 
7.76s(6H) 
7.82s(6H) 
8.1l3(3H) 
Chemical sh i f t s (Tval-ue) 
No.of protons 
2 
2 
2 
2 
1 
1 
2 
1 
21 
of protons 
JHz 
9 
9 
9 
9 
2 
2 
-
-
-
of GDIIA(acetate) 
Assignment 
H-I-2,6 
H-I-3,5 
H- I I -2 ' , 6 ' 
H - I I - 3 S 5 ' 
H-1-3' 
H-I-5 ' 
H-II-6,H-II-3 
H-1- p 
7 OAc. 
s = s inglet , d = doublet 
Spectrum run in CDC1_ a t 100 MHz, TMS as in terna l standard. 
AcO 
The protons of an acetoxyl group appeared a t a consideraKLy higher 
f ie ld than the other aceto:qjrl protons. I t seened to be a phenomenon of 
interatomic diamagnetic shielding. This shielded acetoxy group might be 
e i the r a t C-7 of r ing II-A which i s close to the taisaturated system of 
chalcone or a t C-4 of r ing I-B which migjit be under the influence of r ing 
current of r ing I I -B . 
On the basis of above evidences, the methyl ether GDIIMj,. and the 
acetate GDIIA are assigned the s t ructures 1-4. ' ,H-^SI"-?, 11-5,1-7,11-7-
hexa-O-methyl flavanone C1-3,11-83 flavone (Vllh) and 1-2* ,1-U* ,1^6',1--J!^ 
I I -4 ' , I I - 5 , I I -7 -hep t aace ty l chalcone CI-oC, 11-83 fLavone (LXXXIII) respect ive ly . 
The parent compound i s , therefore, assigned the s t ructure of I -4 ' , I I -4 '>I -5> 
II-5,1-7,II-7-hexahydroxy fLavanone C1-3,11-83 fLavone ( BGEj.jj) (Vllg) . . 
O H v O ^VIIQ' 
CH3O 0 
(LXXXIII) 
4 5 
M.P. 
300° 
149-151° 
13^-140° 
\ 
0.31 
0.45 
_ 
I -^ ' . I -5 . I I -5 . I -7 . I l -7 -Pen tahvdroxv fjavsnone Cl-3.11-83 chromone (GDIII'); 
GDIII (parent) 
GDIIIM (methylether) 
GDIIIA (acetate) 
GDIII gave a red colour in the Shinoda t e a t ' and a green one 
with alcoholic fe r r ic th lor ide and showed absorption maxiica a t 265 and 
295 nm. On methyiation with dimethyisulphate and potassium carbonate, 
GDIII yielded a methyl ether, GDIIIM (M ,518; CggHg^ O ) . The mass spectrum 
supported the presence of phloroglucinol nucleus derived from 5,7-dihydroxy 
flavanone system with ions a t n/e 154 and 181 consistent with ftagmsnts 
CG^H- (OMa)g, 0H3"^;,:and C^ H (OMe) .OH.CO 3"^ respect ively . In addition, the 
presence of another free aromatic r ing i n flavanone uni t was suggested by 
ions a t n/e 121 and 108 consistent with fragmentsCC^H (OMe).CH 1 and 
CC/H .^OMell respect ively. GDIII on acetylat ion T.dth acet ic anhydride-pyridine 
gave an acetate m,p, 138-140 , which could not be ident i f ied . 
NMR spectrum (Fig.X) of GDIII methyl ether showed methoxy signals 
betweenT6.14'to'''6,36 which integrated for five methoxyls. The doublets 
atT4«32 andT5.26 (J = 12Hz) were assigned to H-2 and H-3 t rans protons of 
r ing I-C of flavanone u n i t . The aromatic protons were assigned as shown 
in Table-XV. 
OCHj 
' t SXOMf 
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T A B L E - XV 
Chemical sh i f t s of protons of QDIIIM 
Signal 
3.94d 
3,90d 
3.80s 
2.92d 
3.36d 
2.62d 
4.03d 
4.32d 
5.26d 
6.14-6.36 
No.of protons 
1 
1 
1 
2 
2 
15 
JHz 
2 
2 
-
9 
9 
6 
6 
12 
12 
-
Assignment 
H-1-6 
H-I-8 
H-II-6 
H- I -2S6 ' 
H - I - 3 S 5 ' 
H-lI-2 
H-II-3 
H-I-2 
H-I-3 
5 OMe 
S = s ingle t , 
d B doublet 
Spectrum run i a CiXl a t 100 MHz, IMS as an in te rna l standard =TlO.OO, 
1 i5. 
The NM spectrum showed the absence of r ing I I -B in the molecule. 
The two doublets a t T 2 . 9 2 andT3.36 ( J = 9H2;) were assigned to H-2»,6« 
and H-3 ' ,5 ' protons of r ing I-B respect ively. Two meta coupled doublets 
(J = 2Hz) a t T 3 . 9 4 andT3.90 were assigned to B-6 and H-g protons of r ing 
I-A. The s ingle t at'T3«S0 was assigned to H-6 of r ing II-A. The two coupled 
protons a t T 2 . 6 2 andT4«03 (J = 6Hz) were assigned to H-2 and H-3 of r ing 
II-C which could be due to the heteroaromatic protons of a chromene system. 
The data was thus in fu l l agreement with the s t ructure (LXXXIIb). 
OCH3 
1^0 
The flavanone-chromone structiire (LXXXIIb) was also supported by 
mass spectra l fragmentation (Chart 23) . 
CH3O 0* 
CH3O 0 
m/e 411 
H2C V ^ \>-0CH3 ^ 
OCH 
+ 
CH3O 0 
mic lSO 
CHA9T 23 
CH-JO 
nt 
m/e 338 
ht? 
On the basis of above evidences the new compound, GDIII i s , therefore, 
assigned the s t ructure of I-4S1-5,11-5,1-7>II-7~perttahydroxy flavanone 
C 1-3,II-8 3 chromone (LXXXlIa). 
1-iS 
BIFLAVONES FROM mkWARlACEAE 
Araucariaceae i s a family of beautiful timber t r e e s with branches 
in whorls and leaves needle-like with single vein or broad with p a r a l l e l 
vein. I t consis ts of two genera, Agathis and Araucaria, of about 35 species . 
The genus Agathis, consist ing of 20 species are t a l l evergreen resinous 
t r e e s with large leaves, nat ives of New Zealand, Austral ia , F i j i , Phil iphine 
Islands and Malay Peninsula. The genus Araucaria Juss , including 15 species, 
comprises of evergreen gigantic t r ee s d i s t r ibu ted in Austral ia and South 
America. Five ornamental species, Araucaria cunninghamii, A.cookii, A.excelsa, 
A. imbricata and A.bidwil l i have been introduced to India . 
I t i s noteworthy tha t Araucariales ' ' ^ ' ^ ' ' ^ contain a l l foior kinds 
of important biflavone skeletons, amento fLavone, hinokiflavone, cupressuflavone 
and agathisflavone. The remarkable feature of the order i s the op t ica l a c t i v i t y 
as shown by some of the members. 
The present discussion deals with the study of the complex mixture 
of bifLavanoids in the l ea f extract of Araucaria cianninghamii. The bifLavanoid 
const i tuents ident if ied in each species of Arauceiriaceae are recorded in 
Tabie-XVI and the chromatograms of the complex mixtures are shown in Fig.XI. 
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Fig. XI. Chromatogram in benzene-pyridine-formic acid (36:9:5) of 
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(D) Agathis alba Foxworthy, 
(E) Agathis palmerstonii 
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Araucaria cunninghamii and Araucaria cookii are fotind to be comparable 
in having biflavones from monomethyl-to tetramethyl e thers while Araucaria 
b idvdl l i . Agathis alba and Agathis palmerstonii show the presence of biflavanoid 
mixtures ftx>m parerit-compoTiads to tr imethyl e the r s . The signif icant feature of 
the present work ±& tha t not only c lose ly spaced bands but also chromatographi-
ca l ly homogeneous mixtures (including even minor cons t i tuents ) , a f te r complete 
methylation have been detected by difference in R-. value and charac te r i s t i c 
78 fluorescence in UV l i gh t . Some of tbe const i tuents from such mixtTires have. 
been obtained in pure form ty coxmter current d i s t r ibu t ion methods. 
Biflavones from Araucaria cunninghagiii Ait : 
Araucaria curminghamii i s a valuable timber t r e e . The timber i s 
cream coloured and s t ra ight grained. I t i s employed for the indoor f in ish 
of houses, furniture add plywood manufacture^ . 
Leaves of Araucaria cunninghamii were procured from National 
Botanical Garden, Sipore, West Bengal, India , The phenolic ext ract ives 
of the coarsely powdered leaves by solvent fract ionation, column chromato-
graphy (magnesium s i l i ca te ) followed by prepaxative-layer chromatography 
( s i l i c a gel G) yielded seven components, the upper &ur major and the 
r e s t three minor. They aere label led as ACu ,^ ACtu, ACu_, ^^u,, ACu ,^ AGu^  
and ACvu in the increasing order of R^ value (EPF), The usual colour react ions 
and u l t r av io l e t spectra ia. ethanol indicated a l l of them to be bifLavanoids. 
ACu^  and ACu, were characterized as I-7-0-methylagathi3fLaVDne(IVb) 
and II-4'»I-^-di-O-methylagathisfLavone (IVd), respect ively by spectra l 
s tudies of t h e i r acetates and methylethere, 
ACtu although homogeneous in chromatographic behaviour on complete 
methylation followed t^r TLC examination was found to be the mijcture of 
hinokifLavone and monomethylethers of amentoflavone and cupressufLavone, 
AGUg was, therefore, subjected to CCD separation between e thyl methyl ketone 
and borate buffer (pH 9,8) which yielded only ACUpX and characterized as 
II-7-O-methylamentofLavone ( l ld ) ty NMR studies of i t s ace ta te . The other 
const i tuents coiild not be recovered in pure form, AGu., the chromatographically 
homogeneous fraction, on methylation and TLC examination was found to b© 
the mixture of dimethylethers of amentoflavone and cupressufLavone in 
unequal proportion together with t r aces of monomethyl ether of hinokiCLa-vone, 
The CCD separation of ACu. between e thyl methyl ketone and borate buffer 
provided only ACu-X^ and ACu,X„ as major cons t i tuents , AGUyX was characterized 
as a new biflavone, I-V^I^^^-di-O-methylaffientofLavone ( I l i ) by NMR studies 
of i t s acetate , ACu,Xp was characterized as I-7,n-7-di-0-methylcupressuflavone(l i ; 
hy NMR studies of i t s ace ta te . 
The chroroatographically homogeneous fraction ACu ,^ on methylation 
and TLC examination was found to be the mixttire of tr imethyl e thers of amento-
flavone and cupressufLavone, ACu^  was, therefore, subjected to CCD separation 
between ethyl methyl ketone and borate buffer (pH 9,8) which yielded AGu^ X^  
and ACu^Xg, ACu^ X was characterized as I-4',I-'7>II-'7-'tri-0-methylcupressufLavone 
( I l l e ) , a new biHavone, by NMR studies of i t s ace ta te . ACu^ Xp was characterized 
as I-4 ' , II-4 ' , II-7-tr i-0-iaethylamentoflavon.e (KayafLavone) ( I I I ) . 
ACu^  and ACu~ were characterized as 1-4',11-4% 1-7,II -7- te t ra-e-methyl-
amentoflavone (I io) and I -4Sn-4 '»I -7 , I I -7- te t ra-0-methylcupressufLavone(I I I f ) 
respect ively by N.»il s tudies of t h e i r aceta tes 
RiO 
( in 
(d) R2=Me; R^  = R3 = R A ^'^ 
I i ) R2=R3 =M(2jRi =R4=H 
J i 
OH 0 (IVI 
(b )R i rMc jR2 = R3 = R4=H 
(d ) R-| = R^=Mej R2 = R3=H 
OH 0 
(c ) R^  = R2 = Me,R3 = R^= H 
((2) R^  =R2=R3 =Me,R^ = H 
(f ) Rl = R2rR3=R^ = Me 
( I ) R^r H>R2 = R3=R^ = M(2 
(O) R)=R2 = R3=R4rMe 
j a 
1-4', I I - 4 ' , 1-5, I I - 5 , II-7-Pentahydroxy-I-7-0-fflethylC 1-6,11-81 biflavone(AGu^) 
ACu^  (parent) 
AGu^ A (acetate) 
ACILM (roethylether) 
M.P. 
310® 
165-166° 
160-162° 
\ 
0,27 
-
0.45 
Mai. wt (M'^ ) 
552 
762 
622 
ACu^  on methylation gave a methyl ether AGu.M and acetylat ion gave 
an acetate AGu^ A whose molecular wei^-t determination (mass apectrometeiy) 
indicated them to be hexamethylether and penta ace ta te respect ively . The 
mass spectrum of ACtuM i s shown in Fig, XII and the mode of fragmentation 
i s given in Ghart 24) . 
Main peaks; 622(90)j 607(54); 591(98); 573(24); 56 l ( l5 ) ; 552(14); 
521(12); 497(24); 325(20); 311(100); 281(12); 245(22) 
and 135(65). 
The base peak appeared a t V© 311 and the moleciilar ion a t w/e 622. 
The peak a t V© 311 indicated tha t there were three methoxy groups in each 
fLavone uni t of the molecule. A number of possible modes of retro-Diels-AIder 
fragmentation of ACu^ M and of the apigenin tr imethyl ether u n i t s derived from 
i t coijld be formulated. 
ACUgM 
200 ™/« —• 
" I ll-i r 
330 450 500 
-T 1 r— 
550 600 630 
F I G . X I I 
CH30 // \y -0CH3 
S++, 
CH30 m/c 2A5(i.c A90^) {2?-/o) 
ACU^ M 
M > / c 6 2 2 ( 9 0 y j 
OCH3 
I J O 
c 
III 
m/ci3S ( 657o) 
OCH3 
CH3O 0 
m/e 311 (100) 
CHART 2A 
1; ;) / 
Tho r e s u l t s of KMR studies of ACu M are given in Table-XVII 
T A B L E -XVII 
Chemical sh i f t s of Protons of AGu^ M 
Signal No,of protons 
2,12d 2 
2.99d 2 
2,63d 2 
3.22d 2 
3.06s 1 
3.36s 1 
^•^'7^ leach 
3.49s 
5.95s 3 
6.41s 3 
6.26,6.22,6.14,6.12 12 
JHz 
9 
9 
9 
9 
-
-
— 
-
-
Assignment 
H- I -2 ' , 6 ' 
H- I -3 ' , 5 ' 
H-II-2 ' ,5* 
H - I I - 3 ' , 5 ' 
H-I-8 
H-II-6 
H-I-3 
H-II-3 
OMe-II-5 
OMe-I-5 
0Me-I-4S0Me-II-4', 
0Me-I-7,0Me-II-7 
Respectively. 
s = fiinglet, 
d = doublet 
Spectrum run in CDCl- at 100 MHz, TMS as in te rna l standard s=TlO,00, 
laS 
The KMR spectrum of ACu^ M showad tha t the molecule was ne i ther 
symmetrical nor were the r ings I-B or I I -B involved in l ink ing the two 
flavanoid un i t s as there were present two se t s of AgB_ protons centered 
a t T 2 . 9 9 , 2.12 (J = 9Hz;) andT3.22, 2.63 (J = 9Hz), the. pair ings being 
proven by double i r r ad ia t ion experiments. J values were cha rac te r i s t i c of 
ortho-coupled protons. The linkage could not be through C-3 posi t ions of 
r ings I-C or II-C as there were almost two invariant protons a t T 3 , 4 7 
andT3»49. There was not present meta coupled padr associated with r ings 
I-A or II-A, This l e f t only r ings I-A and II-A implicated in the i n t e r -
flavanoid linkage and as the molecule was unsymmetrical ( i .e» nei ther 
Cg-Cg nor C^-C^), the linkage must be C^-Cg, 
The observation tha t the 0~methyl group a t C-5 of a Q-B l inked flavone 
unit of a biflavone appears belowT6,00, i s consistent with the proposed 
s t ructure (Table-7I) . 
T A B L E - YI 
Methoxy pixiton sh i f t s (Tvalues) of complete methylethers 
BifLavones OMe-I-5 OMe-II-5 
1. Cupressuflavone hexamethylether 
2. Amento flavone " '• 
3. Agathisflavone « » 
4. Hinokiflavoae [;i-4«-0-11-8] " 
5* ACu,M 
5.85 
6,13 
6.41 
6,00 
6.41 
5.85 
5.94 
5,95 
5.92 
5.95 
1 
The mode of interflavanoid linkage (G^-Cg) was furtter confirmed by 
studying the solvent induced shifts of me'thoxy resonances on change 
of solvent flX)m deuteriochloroform to benzene, five Kethoxy groups 
showed large upfield shifts. One methoxy gixsup was unique in that upto 
50% dilution with benzene no shift was seen and then a strong downfield 
shift was evidenced (Fig.X Bland Table-XVIII), a phenomenon seen in neither 
the amsntoflavone TKOT cupressuflavone hexamethyl ethers. It was reasonable 
to assume that the methoxy group in question was the one at G-5, flanked 
by ring II-A on one side and a carbonyl group on the other, 
T A B L E » XVIII 
Shifts of methoxy resonances of AGu.M 
Signals in 
CDCl^(Hz) 
405 
390 
389 
380 
375 
362 
Signals in 
%\ (Hz) 
35B 
330 
335 
326 
305 
385 
Shif ts (Hz) 
47 upfield 
60 " 
^4 " 
54 » 
70 " 
23 downfield 
7.0 
6.8 
^ 6.6 
6.A, 
6.21 
6.0] 
( 
t^I_ 1 1 1 1 1 1 1 1 1 
) 20 40 60 80 100 
•/oCeDe in CDCI3 
FIG.XIII 
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The r e su l t s of NMR studies of ACu- and ACu A are given in Table XIX 
T A B L £ - XIX 
Chemical sh i f t s of protons of ACu. & ACu.A 
Assigned posi t ions ACu. ACu^ A 
H-I-2»,6' 
H- I -3 ' , 5 ' 
H- I I -2 ' , 6 ' 
H- I I -3S5 ' 
H-I-8 
H-II-6 
H-I-3 
H-II-3 
OMe-I-7 
0H-I-4' ,0H-II. 
OH-1-5 
0Ac-I-5,4'0Ac-
•4' 
-11-
,7 
-5,4", 7 
2.04 (d,2H,J=:9Hz) 
2.95 (d,2H,J=9Hz) 
2.41 (d,2H,J=9Hz) 
3.38 (d,2H,J=9Hz) 
3.16 (s,1H) 
3.28 (s,1H) 
3.61 (s,1H) 
3.40 (s,1H) 
6.13 (s,3H) 
0 . 8 - 1 . 2 (3H) 
-3.07 (s,lH) 
2,08 (d,2H,J=^Hz) 
2.62 (d,2H,J=9Hz) 
2.50 (d,2H,J=9Hz) 
2.94 (d,2H,J=9Hz) 
3.00 (s,1H) 
3.01 (s,1H) 
3.42 (3,1H) 
3.38 (s,1H) 
6.20 (s,3H) 
*Mk 
-
7.66,7.86,7.56,7.76, 
7.91(15H) respect ively 
s = 3inglet , d = doublet; ACu. run a t 100 MHz in (CD^) CO as solvent; 
ACu.A run a t 100 MHz in CDC1_ as solvent; TMS as in terna l standard = T 10.00, 
16 
The s ing le t a t T 3 . 3 6 (Table-XVII) was assigned to H-6 of r ing II-A 
in analogy with the chemical sh i f t s of such protons on an ^-linked 
flavanoid r i n g : - H-II-6 
(a) 1 - 4 ' , I I - 4 S 1-5,11-5,1-7,II-7-Hexa-O-methyl cupressuflavone T 3 . 4 4 
(b) I -4« , I I -4 ' , I -7 , I I -7-Te t ra -0-methyl cupressufLavone T3.42 
(c) I-4«,II-4 ' , I-5,11-5,1-7,II-7-Hexa-O-methyl amentofLavone T3.41 
The singLet a t T 3 . 0 6 (Table-XVII) was assigned to H-8 of r ing I-A in 
accordance with the observation tha t H-8 of 5,7-dimetho3grfLavone isTO.20 
downfield than H-6 '^. The high posi t ion of H-6 of r ing II-A (T3.36) as 
compared to H-8 of r ing I-A (T3 .06) was also in confirnri-ty with i t s locat ion 
between oxygen atoms of two methoxyls a t C-5 and G-7 of r ing II-A. The 
magnitude of downfield sh i f t s of these protons on acetylat ion (Table XIX) 
go 
was also important. Massicot e t . a l have shown tha t acetylat ion of 
5-hydroxy group in flavone moves the H-6, downfield b5rTO.22-O.29 and H-8 
byT0,33-0.49, i . e . the extent of downfield sh i f t s i s greater for H-8, In 
the present case the greater downfield shi f t (T3 .36 - 3.01 = T 0 . 3 5 ) of 
H-6 of r ing II-A as compared to tha t of H-8 ( T3.06 - 3.00 =T0.06) might 
be a t t r ibu ted to the presence of two acetoxy groups adjacent to H-6 in 
r ing II-A, 
The protons assigned to H-2',6'(T2.63) and H-3',5'(T3.22) of ring II-B 
fit well by analogy with the following similarly constituted II-B rings of 
8-linked flavanoid unitst 
U2 
H-II-2' .6» 
T 2 . 6 2 
T 2 . 5 7 
T 2 . 6 8 
^ 2 . 5 6 
H - I I - 3 ' . 5 ' 
T 3 . 2 0 
T3 .16 
T3.28 
T3.20 
(a) 1-4', 11-4* ,1 -5 , I I -5 ,1 -7 , II-7-Hexa-
0-methyi cupressuflavone 
(b) 1-4', I I - 4 ' , 1-7, II-7-Tetra-0-m9thyl-
cupre 3 suflavone 
(c) 1-4', I I - 4 ' , 1-5, I I -5 ,1 -7 , II-7-Hexa-
0-methyl amentoflavone 
(d) 1-4', I I - 4 ' , 1-7, II-7-Tetra-O-niethyl-
amentoflavone 
All these have an 8-linked flavone un i t so tha t the protons a t T 2 , 1 2 and 
T2,99 were assigned to H-2 ' ,6 ' and H-3 ' ,5 ' posi t ions respect ively of r ing 
I-B of the flavanoid uni t l inked by the hi therto unknown 6-posit ion. I t 
was not possible to d is t inguish between C-3 of r ing I and C-3 of r ing I I 
protons, 
Bg of both A^Bp pa i rs ( r ings I-B and II-B) in acetate shifted 
downfield as compared to the methyl ether as well a s the parent compotxnd. 
This confirmed the presence of 4'-0Ac in r ing I-B and 4'-0Ac in r ing I I -B , 
Further in parent compound i t s e l f (Table-XIX) there were cer ta in ly two 
hydrogen-bonded hydroxy groups a t T-3»07 andT-3»30 as irfould be eaqjected 
for C-5 in r ing I-A and C-5 in r i ng II-A hydroxy groups. The inethoxy group 
was not located a t C«4' of r ing I-B or 0-4' of r ing I I -B as shown e a r l i e r . 
These considerations l e f t the only poss ib i l i t y of assigning the methoxy 
group to e i ther C-7 of r ing I-A or C-7 of r ing II-A. I t was placed at C-7 
of r ing I-A due to the following considerations: 
(a) The s ingle t a t T 3 . 3 6 in nethyl ether (ACu^ M) moved toT3,0l in aceta te 
(ACU,A) showing the presence of two acetoxy groups in r ing II-A. This 
compares well with H-6 in r ing II-A of sciad: opitysin t r i a c e t a t e a t T 3 , 0 4 , 
(b) H-6 of 5,7-diaceto3!yfL8Vone appears a t T 3 . 1 5 , while H-8 a t T 2 , 4 5 . 
I b 3 
Further confirmation tha t the single methosqr group was a t C-7 
of r ing I-A comes in considering the s i tua t ion i f i t were placed a t C-7 
of r ing II-A. The proton a t C-6 of r ing II-A in AGu^-acetate wuld then 
be expected a tT3 .20 as shown under? 
Diace ty l - I -4 ' , n -4%I-7 , I l -7 - t e t r a -0 - ine thy l cupressuflavone T 3.22 
Tetraacetyl 1-7,II-7-di-O-methyl cupressuflavone T 3 . 1 9 
Diace ty l - I -4 ' , I I -4 ' ,T -7 , l I -7 - t e t r a -0 -methy l amentoflavona ' ^3 .27 
but not sigjaal was in fact seen in t h i s region, 
ACu. i s , therefore, assigned the s t ructure of 1-4 ' , I I -4« , 1-5 , I I -5 , 
II-7-pentahydroxy-I-7-0-Hiethyl C1-6, I I - 8 2 biflavone (IVb) . 
OH 0 
| 1 V b ) 
Ui 
I-4. ' ,II-4«,I-5,II-5,I-7-Pe]atahyaroxy-II-7-0-methyl Ll-3\11-8J biflavone(ACu X): 
M.P. R^ 
ACugX (parent) 300° 0.37 
ACugXA. (acetate) 165° 
Counter current d i s t r ibu t ion of AOup between ethyl methyl ketone 
and borate buffer gave a major compound AGupX. TLC examination of ACUpX 
and i t s complete methyl ether and NMR spectrum (Fig. XIV) of i t s aceta te 
AGUgXA, indicated ACupX to be a monomethyl ether of amentoflavone. The 
r e s u l t s of NMR studies of ACu^ XA and amentoflavone hexamethyl ether and 
hexs«.cetate are given in Table - XX 
FIGXIV 
I b 5 
T A B L E • XX 
Chemical sh i f t s of protons of ACiipXA, ameatofLavoiaehexaJnethylether and 
amentoflavowehexaacetat© 
Assigned 
Positions 
H-I-8 
H-I-6 
H-n-6 
H-I-6» 
H-I-5' 
H-I-2' 
H-II-2S6» 
H-II-3',5' 
H-I-3,H-II-3 
I-4',II-4' 
1-7 
II-7 
1-5,11-5 
ACugXA 
2.74(d,1H) 
J = 3Hz 
3.l6(d,lH) 
J = 3Hz 
3.23(s,1H) 
1.99(q,1H) 
J^  = 8H2 
Jg = 3Hz 
2,53(d,1H) 
J = 8Hz 
1.99(d,1H) 
J = 3Hz 
2.48(d,2H) 
J = 9Hz 
2.95(d,2H) 
J = 9Hz 
3.33,3.41(3 
7.62,7.68(s 
7.95 (3,3H) 
6.09(s,3H) 
7./y+,7.50(s 
,2H) 
,6H) 
,6H) 
AmentofLavone 
hexaacetate 
2.73(d,1H) 
J = 3H2 
3.13(d,1H) 
J = 3Hz 
2.97(3,1H) 
1.99(q,1H) 
J^  = SHz 
'2 = «^=^  
2.48(d,1H) 
J = SHz 
1.94(d,lH) 
J = 3Hz 
2.50(d,2H) 
J = 9Hz 
2.92(d,2H) 
J = 9Hz 
3.30,3.32(3; 
7.67,7.72(3, 
7.89(s,3H) 
7.93(s,3H) 
7.50,7.59(s; 
,2H) 
,6H) 
,6H) 
Amen to flavone 
hexame-thylether 
3.52(d,lH) 
J = 3Hz 
3.66(d,1H) 
J = 3Hz 
3.38(s,1H) 
2.10(q,1H) 
J = 8Hz 
'Z = 3Hz 
2.88(d,1H) 
J = SHz 
2.l6(d,1H) 
J = 3Hz 
2.62(d,2H) 
J = 9Hz 
3.24(d,2H) 
J = 9Hz 
3.42,3.48(s,2H) 
6.25,6.27(s,6H) 
6.12(s,3H) 
6.l8(s,3H) 
6.08,5.94(3,6H) 
Spectra run in CDC1_ at 100 MHz, TMS as in ternal standard =~ri0.00 
Figures in parentheses show chemical sh i f t s of methozy protons. 
I b 6 
The proton a t T 3 . 2 3 assigned to H-II-6, was analogous to the 
value of the same pjoton in amentoflavonehexainethylether (Table-XX), thus 
indicating the presence of the n^thoxy group a t G-7 in r ing II-A. The data 
on comparison (Table-XX), ACUgX i s assigned the s t ructure of I - 4 ' , I I - 4 ' » 
I-5,n-5,I-7-pentahydroxy-II-7-0-methylC 1-3' , I I - S D bifLavone(IId). 
°vY/ VoH 
This was previously reported as sotetsufLavone which i s now revised to 
II-7-O-methylamentoflavone ( l i d ) , an op t ica l ly act ive coinpound,CPOz^ = -18,2, 
'D 
l b " 
1-4', 1-5,11-5,II-7-Tetrahydroxy-II-4. ' ,I-7-di-O-methyl Cl-6,11-83 biflavone(ACu^) 
M.P. 
AGu- (parent) 
ACTI-A (acetate) 
ACu-,M (methyl ether) 
212-213 
181-185*^ 
161-163*^ 
^f 
0.41 
-
0.45 
Mol.wt.(M'^) 
566 
734 
622 
The TLC examination of ACu- aad i t s methyl ether aad N^5R and mass 
spectra of ACu^-acetate (n/e 734M ) and ACu_-methylether (V© 622, M ) indicated 
ACu- to be a dimethyl ether of agathisflavone. The r e su l t of NMR studies of 
ACunA are shown in Table-XXI. 
I A B L E - XXI 
Chemical sh i f t s of protons of ACu^ A 
Signals No.of protons JHz Assignment 
2.08d 
2.73d 
2.60d 
3.19d 
3.02s 
2.99 s 
3.38,3.463 
7.86s 
6.24s 
7.67s 
7.563 
6.31s 
7.91s 
2 
2 
2 
2 
1 
1 
1 each 
3 
3 
3 
3 
3 
3 
9 
9 
9 
9 
H-I-2«,6' 
H-1-3 ' ,5 ' 
H-II-2',6« 
H - I I - 3 ' , 5 ' 
H-I-8 
H-II-6 
H-I-3,H-II-3 
OAc-I-4' 
OMe-II-4' 
OAc-I-5 
OAc-II-5 
OMe-I-7 
OA.c-II-7 
s = singlet, d = doublet. 
Spectrum run in CDC1„ at 100 MHz, IMS as an internal standard =TlO.OO. 
l t ) 8 
In par t icu la r , there were evidenced two se t s of iUBp protons associated 
xd-th r ings I-B and I I -B , but Bg of oae of the se t s appeared a t T 3 . 1 9 , a value 
assigned to H-1I-3S5 ' in agathisflavone hexamethyl e ther . This confirmed the 
presence of a methoxy group a t 11-4' pos i t ion . Similar arguments to those 
used for ACu^ A placed the other methoxy group a t 1-7 posi t ion. The N^ ffi data 
of ACu-A were found to be iden t ica l in a l l respects vath the authentic sample 
of t e t r a acetyl-l l-4SI""7-di-0-methyl agathisflavone . 
AGu-, i s , therefore, assigned the s t ructure of 1-4 ' ,1-5 ,11-5 ,11-7- te t ra-
hydroxy-II-4',I-7-di-O-niethyl C l - 6 , I I - 8 3 bifLavone (IVd). 
y VoH 
/ WoCH-
OH 0 
( I V d ) 
o'9 
II-4SI-5,II-5,I-7-Tetrahydroxy-I-4',11-7-di-0-i»ethyl Cl-3 ' ,11-83 bifLavone(ACti,X 
_^>___^ . 4_ 
ACu• on complete methylation followed by TLC examination was found 
to be the mixture of dimethylethers of amentofLavone and cupressuflavone 
together with traces of monomethyl ether of hinokiflavone .On CCD separation 
between ethyl methyl ketone and borate buffer, ACu, yielded two main fractions 
ACu/X^ and ACu-Xg. 
The TLC examination of AGu.X and its methyl ether, indicated it 
to be a dimethyl ether of amentofLavone. The NMR spectrum (Fig. XV) of 
ACu,X.-acetate (ACu,X A) showed two methoxyl and four acetoxyl groups. The 
NMR data of acetates of ACu-X^ and other members of amentofLavone series 
are given in Table-XXII, 
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The s t ructure of ACu.X. was elucidated by comparison of the 
chemical sh i f t s of protons of ACu.X^A with those of the ace ta tes of b i lobet ia 
and II-7-O-methyl amsntoflavone (Table-XXII), Further, the presence of acetoxyl 
group a t C-7 in r ing I-A was supported by "the chemj.cal sh i f t s of H-6 and 
H-S (T3.20d aBdT2.73d, 1H each, J = 2Hz) of r ing I-A because they were 
similar to those of kayafLavone t r i a c e t a t e ('Y3.22d,H) andT2.73 d,H) and 
different from those of sciadopitysin t r i a c e t a t e ( T 3 . 4 4 d,H) aBdT3,22 d,H). 
on the other hand, the NMR signal for H - I I - 3 ' , 5 ' ( T 2 . 9 7 d,2H, J = 9Hz) 
in comparison with tha t of sciadopitysin t r i a c e t a t e ( T 3 . 2 3 d, 2H, J = 9Hz) 
suggested the presence of II~4'-aceto35yl group. The difference of the chemical 
sh i f t s of H-6 of r i ng II-A between the dimethyl ether of ACu.X A ( T 3 . 2 5 s,H) 
and sciadopitysin t r i a c e t a t e (T3 .04 . s, H) suggested the presence of methoxyi 
group a t C-7 in r ing II-A. This was further supported by comparing the 
chemical sh i f t of H-6 ('7 3.20 s,H) of r ing II-A in kayafLavone t r i a c e t a t e 
having a s imilar ly const i tuted r ing II-A. 
On the basis of above evjjdences, ACu,X^ i s assigned the structtir© 
of I I - 4 ' , 1 -5 , I I -5 ,1-7- te t rahydroxy-I -4« , I I -7-d i -O-methylCl-3 ' , I I -82 
biflavone ( l l i ) 
CHgO 
OH 0 
( H i ) 
172 
^W/ VOH 
This constitutes the first report of the isolation and characterization 
of an optically active I-4',II-7-di-0-methylanientoflavone, = +22*7. 
D 
I-4« ,11-4' ,1-5, II-5-Tetrahydroxy-I-7,II-7-di-0-methyl CI-8,II-83bifLavDne(ACu,X„) 
4 ^ 
The TLC examination of ACu,Xp and i t s methyl ether indicated i t to 
be a dimethyl ether of cupressuflavone. The mass and NMR spectra of 
ACUyXp-acetate (ACxi.XpA) showed tvro metho3{yl and four acetoxyl groups. The 
r e s u l t s of NMR studies of ACu,XgA and other members of bifLavone aceta tes 
are given in Table-XXJII, 
1/3 
T A B L E - XXIII 
Chendcal sh i f t s of protons of ACu.XpA and other biflavone aceta tes 
Assigned 
posi t ions 
H- I -2 ' , 6 ' 
(H-II-2 ' ,6«) 
H - I - 3 ' , 5 ' 
(H- I I -3 ' , 5 ' ) 
H-1-6 
(H-11-6) 
H-8 
H-I-3 
(H-II-3) 
H-I-V 
(H- l I -4 ' ) 
H-I-7 
(H-lJ-7) 
H-I-5 
(H-II-5) 
Acacetin 
d iace ta te 
2.22(2H,d) 
J r: 9Hz 
3.04.(2H,d) 
J = 9Hz 
3.21 (lH,d) 
J = 2.5Hz 
2.71 (lH,d) 
J = 2.5Hz 
3.47(lH,s) 
6.l2(3H,s) 
7.67(3H,s) 
7 . 5 7 ( 3 H , S ) 
Genkwanin 
d iace ta te 
2.l7(2H,d) 
J X 9H2 
2.81(2H,d) 
J = 9Hz 
3.44{lH,d) 
J = 2.5Hz 
3.19(lH,d) 
J = 2.5Hz 
3.49(lH,s) 
7.68(3H, s) 
6.11(3H,3) 
7.58(3H,s) 
Cupressuflavone 
hexaacetate 
2.71(iH,d) 
J = 9Hz 
2 . 9 9 ( ^ , d ) 
J = 9Hz 
2.94(2H,s) 
-
3.44(2H,s) 
7.75(6H, s) 
7.92(6H,s) 
7.52(6H,s) 
ACu^XgA 
2 . 6 6 ( ^ , d ) 
J = 9Hz 
2.95(4H,d) 
J = 9Hz 
3.21 (2H,s) 
-
3.45(2H,s) 
7.73(6H,s) 
6.l4(6H,s) 
7.49(6H, s) 
s = s ingle t , d = doublet. 
Spectra run in CDG1_ a t 60MHz, TMS as in te rna l standard =710.00. 
Figures in parentheses show the chemical sh i f t s of methoxy protons. 
1 7 4 
The Hm spectrum of AGU/XgA showed two se t s of 4H doublets a t T 2 , 9 5 
(J = 9Hz) andT2.66 (J = 9Hz) which were a t t r ibu ted to H-3 ' ,5 ' of r ing I-B, 
H-3 ' ,5 ' of r ing I I -B and H-2 ' ,6 ' of r ing I-B, H-2 ' ,6 ' of r ing I I -B 
respect ively. This was suggesti-ve of a syTsmetrical biflavone. By comparison 
of the Nl^ E data of ACu.XpA with the chemical sh i f t s of acacetin d iace ta te , 
genkwanin diaceta te and cupressufLavone hexaacetate (Table-XXIIT), the 
corresponding parent compoxmd was assigned the s t ructure of I - 4 % I I - 4 S I - 5 , 
I I -5 - te t ra -hydroxy- I -7 , I I -7 -d i -0-methylCl -8 , I I -83 biflavone ( I I I c ) . 
OH 0 
cHaCr'^ ^^^ /^^ o 
CH30 
/ \VoH 
t III c I 
/3 
I I -4» , I -5 , I I -5 -Tr ihyd roxy - I -4 ' , I - 7 , I I -7 - t r i - 0 -me thy lC l -8 , I I -83 biaavone(ACuJC ; 
The chromatographicsilly honcgesneous fraction ACu^  on methylation 
and TLC examination was found to be the mixture of t r imethyl ether of amento-
fLavone and cupressxiflavone. ACu^  cons t i tu t ing amentofLavone trimethyl e ther 
as major component, was enriched ty solvai t f ract ionat ion in cupressufLavone 
trimethyl ether content. On COD separation between ethyl methyl ketone and 
borate buffer, ACu^  yielded two fract ions, ACu^ -X. and AGu^Xg. 
The TLC examination of ACu^X^(E„ O.60) and i t s complete methylether 
indicated ACu^X. to be a tr imethyl ether of cupressuflavone. The N f^i spectrum 
(Fig, XVI) of ACUcX^-acetate (ACu^X^A) showed three methoxyl and three acetoxyl 
groups. The NMR data of AGu^ X.A and other members of the se r ies are given 
in Table-XXrV, 
T A B L E - XXIV 
Chemical sh i f t s of methoxyl and acetoxyl protons 
r , Assigned posi t ions in biflavone nucleus • 
uompouna I-4«,II-4« 1-7,11-7 1-5,11-5 
I_7-0-Kethylcupressuflavone 7.73 ( S , 6 H ) 6 . 1 5 ( S , 3 H ) 7 * 5 0 ( S , 6 H ) 
pent aac e t a te 7.94( s, 3H) 
1-7,II-7-Di-O-methyl 7.73(s,6H) 6.l4(s,6H) 7.49 (3,6H) 
cupressufLavone t e t r aace ta t e 
I -4 ' , I -7 , I I -7 -Tr i -0 -methy l - 6.22(s,3H) 6.l6(s,6H) 7.4S(s,6H) 
cupressuflavone t r i a c e t a t e 7.73(s,3H) 
(synthetic) 
ACu^ X A 6.21 (3,3H) 6,l5(s,6H) 7.47(s,6H) 
^ 7.72(s,3H) 
Spectra run in CDCl. at 60 MHzjTMS as internal standard =TlO,00 
Figures in parentheses show chemical shifts of methoxy protons. 
5 
- r 
PPM ( f ) 
6 7 
_ ^ 
60 
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- 4 0 
30 
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FIG.XVI 
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The structiire of ACti^ X. was elucidated biy comparison of the methoxy 
and acetojiy resonances of ACu^ X A with those of I-7-O-methyl cupressuflavone 
pentaacetate, I-7,II-7-di-0-n!9thyl cupressuflavons t e t r aace t a t e and the 
synthetic tri-0-nBthylcupressuflavone aceta te (Table-XXIV), The NMR spectrum 
of ACucX^A was fotind to be iden t ica l in a l l respects with tha t of the synthetic 
sample of 1-4 ' , I-7,II-7-tr i-0-methylcupre3suflavone t r i a c e t a t e . 
AGUfX i s , therefore, assigned the s t ructure of I I - 4 ' , I - 5 > I I - 5 -
t r i l yd roxy- l -4 ' , I -7 , I I -7 - t r i -0 - ine thy l i : i -8 , I I -8Dbi f l avone ( I l l e ) . " 
CH3O 
OH 0 
^i^r\ 
OH 0 
OCH3 
(Hle j 
This const i tu tes the f i r s t report of the i so la t ion and character izat ion of 
the na tura l ly occurring trimethyl ether in the cupressuflavone se r i e s . 
1V7 
1-5, n -5 ,1 -7 -Tr ihydroxy- I -4 ' , I I -4 ' , I I-7-tr i-O-methyl C l - 3 ' , I I -8D biflavone(AGuJ( 
The TLC examination of AGu^ Xg and i t s methyl ether indicated i t to be 
a trimethyl ether of amentoflavone. The NMR spectrum of ACu^Xg-acetate 
(ACucXpA) showed three methoxyl and three acetoxyl groups. The r e s u l t s of NMR 
studies of ACu^ XpA and aciddopitysin t r i a c e t a t e are given in Table-XXV, 
T A B L E - XXV 
Chemical sh i f t s of protons of AGu^ XgA and aciadopitysin t r i a c e t a t e 
Assigned posi t ions ACu^X^A Sciadopitysin t r i a c e t a t e 
H-I-2' 2.lO(d,1H) 2.04.(d,1H) 
J = 3Hz J = 3Hz 
2.15(q,1H) 2.lO(q,lH) 
H-I-6' J . = 9Hz J . = 9Hz 
Jg = 3Hz Jg = 3Hz 
H-I-5 ' 2.88 (d,1H) 2.86(d,lH) 
J = 9Hz J = 9Hz 
H- I I -2S6 ' • 2.66(d,2H) 2.6l(d,2H) 
J = 9Hz J = 9Hz 
H- I I -3S5 ' 3.22(d,2H) 3.23 (d,2H) 
J = 9Hz J = 9Hz 
H-I-3 3.50(s,1H) • 3.51 (s,1H) 
H-II-3 3.40(s,1H) 3.40(s,lH) 
H-I-8 2.73(d,lH) 3.15(d,1H) 
J = 2.5 Hz 2.5 Hz 
H-I-6 3.22(d,1H) 3.44(d,1H) 
J = 2.5 Hz J = 2.5 Hz 
H-II-6 3.20(3,1H) 3.04(s,lH) 
1-4' , 6.27(s,3H) 6.24(s,3H) 
I I - 4 ' 6.40(s,3H) 6.42(s,3H) 
1-7 7.76(s,3H) 6.27(s,3H) 
I I - 7 6.20(s,3H) 7.90(s,3H) 
1-5 7.53(s,3H) 7.50(s,3H) 
I I - 5 7.42(s,3H) 7.47(s,3H) 
s = s ingle t , d = doublet, q = quar te t . 
Spectra run in CD01_ at 60 MHz, TMS as in te rna l standard =710.00. 
Figures i n parentheses show chemical sh i f t s of methoxy protons. 
IV 
The two methoxy groups were assigned to C-4' of" r ing I-B and G-4' of ring 
I I -B by comparison of the chemical sh i f t s of protons and methoxy groups protons 
in r ing I-B and r ing I I -B of sciadopitysin t r i a c e t a t e . This l e f t the only 
poss ib i l i t y of the location of the methojQr group a t C-7 of e i t he r i lng I-A or 
r ing II-A. The methoxy group was not present a t C-7 of r ing I-A as the NMR 
spectrum was not comparable to thiat of sciadopitysin t r i a c e t a t e , especia l ly 
with reference to the chemical sh i f t s of protons a t C-B of r ing 1-A, C-6 of r ing 
I-A and C-6 of r ing II-A and aceto3{y group a t C-7 of r ing II-A, The methoxy 
group was, therefore, a t C-7 of r ing II-A, 
On the basis of above evidences ACu^ Xg i s assigned the s t ructure of 
I -5,II-5,I-7- t r ih§rdroxy-I-4 ' , 11 -4 ' , I I -7 - t r i -0 -methy lC: i -3 ' ,11-83 bifLavone(IIl) 
OH 0 
( I I I ) 
OCH3 
•;'.0 / J 
I -5 , I I -57Dihydroxy-I-4SII-4 ' , I -7 , I I -7- te t ra-0- ine thyl C l - 3 ' ,II-8lIbi£lavone(AGuJ 
The TLG examination of A.Cu/ and i t s methyl ether indicated i t to 
be tetra-0-methyl amentofLavone, The KMR spectrum of ACur-acetate (ACU/A) 
showed two acetoxyi and foiir methoxyl groups. The s t ructure of AGu, was 
further elucidated by comparison of metl-ioijy and acetoxy resonances of 
ACu/A with those of the authentic samples (Table-XXVI) 
T A B L E - XXVI 
Chemical sh i f t s (Tsca l e ) of methyl and acetyl protons 
Assigned posit ion in bifJavone nucleus 
Compound 1-4' 11-4' 1-5 I I - 5 1-7 I I - 7 
6.16 (7.52) (7.59) 6,i5 6.28 
6.15 (7.52) (7,59) 6.15 6.26 
6.17 (7.54) (7.59) 6.22 7.97 
6.24 (7.54) (7.5S) (7,96) 6.24 
Numbers in parentheses represent acetoxy groups. 
ACu^A 
I - 4 ' , I I - 4 S I - 7 , 
II-7-Tetra-O-
methylamento-
flavoneac e ta te 
Sciadopitysin 
t r i a c e t a t e 
KayafLavone 
t r i a c e t a t e 
6.25 
6,26 
6.27 
6.21 
is I 
The NMR spectrum of ACu^ A was foxmd iden t ica l ^dth tha t of the 
aceta te of 1-4',II-4SI~'/ ' ,II-7-tetra-0-methylainentoflavDne, ACu/- was 
therefore, assigned the s t ructure I -5jII-5-dihydroxy-I-4SII '"4 '»I~ '7-II-7-
tetra-O-methylC 1-3' ,II-8I3 biflavone ( l l o ) . 
CH3O 
OH 0 
OCH: 
( I l o ) 
m 
1-5,II-5-Dihydroxy-I-4', I I - 4 ' , 1 - 7 , II-7-tetra-O-methyl C1-8,II-S^bifLavone (ACu^l 
The TLC examination of ACu^  and i t s methyl ether showed tha t 
ACu- may be cupressuflavonetetramethylether. The s t ructure of ACu_ was 
further elucidated by comparison of methoxy and acetoxy resonances of 
ACur^ (acetate) with those of the authentic simples (Table-XXVII. 
T A B L B - XX7II 
Chemical sh i f t s (Tsca le )o f methyl & acetyl protons 
Compound Assigied posi t ion in biflavone nucleus 
1-4', n - 4 ' 1-5,11-5 1-7,11-7 
ACu^A 6.26 (7,52) 6.26 
I - 4 « , I I - 4 ' , I - 7 , I I - 7 - T e t r a - 6.26 (7.51) 6.20 
0-metl:orl cupressufLavone acetate 
CupressufLavone hexaacetate (7.52) (7.52) (7.92) 
Numbers in parentheses represent acetoxy groups. 
1s2 
The NMR spectrum of AC;i~A was found ident ica l with tha t of the 
ace ta te of I -4SI^~4 ' , I -7 , I I -7 - te t ra -0 -n!e th7 l cupressuflavone, ACu^  was, 
therefore , ; assigned the s t ructure 1-5, II-5-clihydroxy-I-4SII-4 '> 1-7-11-7-
tetra-O-methyl C I -8 , I I -8D biflavone ( I I I f ) . 
OH 0 
CHiO 
CH3O. 
OH 0 ( „ j ^ , 
C O N C L U S I O N S 
G O I J G L U S I O N S 
The folloiAdng plants have been investigatsci for biflavanoid 
contents. The const i tuents i so la ted and characterized are shovm. below 
each of them: 
Garcinia dulcis Kurz (Guttifereae) *. 
1. I I - 3 ' , I - 4 ' ,11-4-',1-5,11-5,1-7-11-7-Heptahydroxy 
fLavanone CI-3,I I -Slf lavone (Morelloflavone) 
2 . I I - 3 ' , I - 4 ' , I I - 4 ' ,I-5,II-5,I-7yII-7-HeptahydroxyD:-3,II-8jDifLav8none(GB-2a 
3 . 1-4',II-4',1-5,11-5,1-7,II-7-Hexahydroxy[:i-3',II-S3biCLavone(Amentoflavone 
4 . 1-4' ,11-4' ,I-5,Il-5,I-7,II-7-Hexa.hydroxy flavanonen-3,II-83flavone(BGHjjj 
5. I - 4 ' , 1-5,11-5,1-7,II-7-Pentahydroxy flavanoneCI-3,II-8achron)one, 
a new compotmd. 
The occurrence of amentoflavone i n Garclnia dtilcis cons t i tu tes 
the second example for the presence of flavone-flavone type bifLavone 
and i t s co-occurrence with the CI-3,II-8Z] linked bifLavanoids comprising 
of reduced heterocyclic r ings i s noteworthy. 
A very signif icant and in te res t ing observation i s the opening 
of the chromanone ring of the second un i t of GB-2a to give flavanone-
in 
chalcone structtire during methylation with Me SO. and K COVacetone, 
Araucaria cxmninghamii Ait (Araucariaceae): 
(I) I-7-O-Methyl agathisflavone 
(II) II-7-O-Kethyl amentoflavone, an optically active compound 
1 5 i 
(III) Cupressuflsvone monomethyl ether. 
(IV) Hinokiflavone 
(V) II-4',I-7-Di-0-iQ3thyl agathisflavone 
(Yl) I-4«,II-7-Di-0-ni3thyl eunentoflavone 
(VII) I-7,II-77s)i-0-methyl cupressuflavone (Bisgenkwanin) 
(VIII) Hinokiflavone nrtnomethyl ether 
(IX) I-4',II-V,II-7-Tri-0-methyl amentoflavone (Kayaflavone) 
(X) I-4«,I-7,II-7-Tri-0-methyl cupressuflavone 
(XI) 1-4' ,11-4' ,1-7, II-7-Tetra-O-methyl amentoflavone 
(XII) I-4',II-4',I-7,Il-7-Tetra-0-methyl cupressuflavone 
Those marked with asterisks are only detected (TLG). 
II-4',I-5,II-5,I-7-Tetrahydro35y-l-4«,II-7-di-0-methyl Cl-3',II-8 3 
tdflavone is identified as a new optically active coinpound and II-4',I-5, 
II_5_trihydro3!y-I-4',1-7,11-7-tri-0-methyl Cl-8,II-8 3 biflavone constitutes 
the first report of the isolation and characterization of the naturally 
occirrring trimethyl ether in the cupressuflavone series. 
E X P I C R I M S U T A L 
1.s5 
E X P E R I M E N T A L 
All m.p3. were measured on a Kofler hot microscopic stage 
and are toicorrected. Thin-layer end preparat ive- layer chromatography 
were performed on s i l i c a gel G (Stahl, Merck) or s i l i c a gel NCL (Poona) 
using benzene-pyridine-formic acid (EPF), 36:95 5, and toluene-ethyl 
formate-formic acid (TEFF), 5:4i1« NMR spectra were recorded with 
Varian A 6 0 , HRIOO, and HA100 instnjmentst Chemical sh i f t s are expressed 
inTValues r e l a t ive to TMS as in terna l standard. Mass spectra were 
obtained from MS9 double-focusing instrument with a d i rec t i n l e t 
system and operating a t an ionizat ion energy of 75e.V, All the reagents 
used were of 'AWALAR' grade except formic acid (E.Merck). 
The following two plants have been investigated in d e t a i l for 
the extract ion and i so la t ion of biflavanoids: 
1, Garcinia dulcis Kurz (Guttifereae) and 
2. Araucaria cunninghamii Ait (Araucariaceae) 
Is'6 
GARCINIA DULCIS KURZ 
Extraction of the leaves of Garcinia dxilcis; 
Dried and powdered leaves (41^)* collected from National 
Botemical Garden Sipore, West Bengal, India, were completely exhausted 
with petroleum ether (4JO-60 ) , The combined extracts were concentrated 
first at atmospheric pressure and then under reduced pressure, wherely 
an oily green residue left behind, whi.ch showed no flavanoid colour 
reactions and was rejected. 
The petrol treated leaves were con^ l^etely dried and exhausted with 
boiling acetone till the extract was almost colourless. The combined 
acetone extracts were concentrated first at atmospheric pressure and 
then \3nder diminished pressure, A gummy dark green mass was obtained. This 
was refLuxed with petroleum ether (4J0-60 ), benzene and chloroform successive-
ly till the solvent in each case was almost colourless. The residue left 
behind was then treated with boiling water. The insoluble brown gwmy mass 
was then refL'uxed with ethyl acetate for 10 hr and filtered. The filtrate 
was evaporated to give a dark brown solid (l5g) which responded to the 
usual colour test for flavanoids. 
Purification of BifLavanoid Mixture-Columi Ghrom/itofraphv! 
A well stirred suspension of silica gel (200g) in dry petroleum 
ether (40-60 ) was poured into a colunn (200cm,long and 50mm in diameter). 
When the adsorbent was well settled, the excess petroleum ehter was allowed 
18? 
to pass through the column. The dark brown solid (l5g) was dissolved 
in dry acetone (60ml) and was adsorbed on s i l i c a gel (20g) inaChina dish. 
The excess solvent was allowed to evaporate u n t i l a dry residue obtained. 
The adsorbed s i l i c a gel was transferred over to the column. The colunn 
was eluted with organic solvents successively in the increasing order 
of po la r i ty . The r e s u l t s are given in TaKLe-XXVIII. 
T A B L E - XXVIII 
Solvent Nature of the product 
1, Petroleum ether (4O-6O ) 
2, Benzene 
3 , Chloroform 
4» Acetone-benzene (8:2 & 7:3) 
5. Acetone 
greenish gumray mass 
green waxy product 
green o i l 
yellowish brown solid (4g) 
dark brown mass 
Fraction (4) gave posi t ive colour t e s t s for flavanoids. 
Separation of Biflavanoid Mixbure-Preparative-Laver ChroiMtofraphv: 
Using a th in- layer spreader (Desaga, Heidelberg), glass p la t e s 
(20x20cm and /+0x20cm) were coated ^d.th a well s t i r r ed suspension of s i l i c a 
gel (50g in 95ml water) to give a layer approximately 0.5mm in thickness . 
After drying for 2 hr at room temperature, the p la te s were act ivated a t 
u n 
110-120 for 1 hr and preserved in a desiccator t in t i l required. 
The complexity of the biflavanoid mixture obtained af ter 
pur i f ica t ion by column chromatography was examined by TLC using the 
following solvent systems: 
(a) Benzene-pyridine formic acid (36:9:5) . 
(b) Toluene-ethyl formate-formic acid (5 :4 :1) . 
(c) Toluene-pyridine-acetic acid ( l O : 1 : l ) . 
(d) Benzene-ethyl ace ta te-acet ic acid (8 :5 :2) . 
(e) Benzene-pyridine-ethyl formate-dioxane (5 :1 :2 :2) . 
In solvent system (a), the biflavanoid mixture showed three 
closely moving spots, two major and one minor. They were labelled as 
GDI-R^ 0,12^ GDII-R^0.21 and GDIII-R^0,30. The differences in R^ values 
were better relative to others so as to make it the developing system 
of choice for quantitative separation. The biflavanoid mixture was dis-
solved in etlgrl acetate and the solution extracted with O.lM soditun 
tetraborate. The organic layer gave a yellowish brown solid (l.2g) 
consisting of mainly GDII and GDIII. The borate extract was acidified 
with dilute hydrochloric acid and the resulting suspension extracted 
with ethyl acetate. This extract yielded a yellow solid (3.0g) which 
contains mainly GDI, Further separation and purification of each component 
was achieved by preparative-layer chromatography as follows: 
The yellowish brown solid obtained from the organic phase of the 
borate treatment was dissolved in pyridine and the solution (4^) so 
Is 
Obtained was applied to plates (4Dx20cin) with the help of a mechanical 
applicator (Desaga, Heidelberg) Scm from the lower edge of the plates. 
The plates mounted on a stainless steel frame were placed in a Desaga 
glass chamber (45x22x22cm) containing $00 ml of the developing solvent 
(HPF, 36:9:5). When the solvent front had travelled 18cm from the start-
ing line the development was interrupted and the plates were dried at 
room temperature. The positions of the bands were marked in UV light. 
The marked pigmant zones were scraped as separate bands with the help 
of a spatula and eluted in separate columns with dry acetone. The eluate 
in each case was distilled off to give an oily liquid which on addition 
of water yielded yellow precipitate. It was filtered, washed with water 
and dried» Homogeneity of the pigments was again checked by TLG using 
five solvent systems already listed. The organic phase thus gave pure 
GDII (400mg-) and GDIIl(lOOmg), 
GDI obtained from the borate phase was further separated into two 
fractions, GDl-A (l*5g) and GDI-B (lg) by column chromatography (silica gel) 
using actone-benzene (1:9) as eluant fol3-owed by preparative-layer chromato-
graphy (toluenee-ethyl formate-formic acid, 5:4:1 as developing solvent). 
The complexities of all the fractions GDI-A, GDI-B, GDII and GDIII 
were studied ty TLC examination of their fully methylated products. 
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I I -3 ' . I - .A' .n.Z-M-5.n-5.I-7.II-7-Heptahydiioxyflavanone CI-3.II-8D flavDne(GDI-A') 
Crystal l ized from methanol as yeI3.ow p la tes (l»5g), m.p, 298-300°, 
R^ 0,38 (TEFP). >vmax ^"^^^ 275, 288,345nm. Found: C,60.06; H,4.17. Reqd. for 
^30^20*^11- ^^2^' C,60.8j H,4.05. 
I I - 3 ' . I - 4 M I - ^ ' .I-5.II-5.I-7.II-7,-Hepta-0-methylflavanone r i - 3 . 1 I - 8 : i flavone; 
A mixture of GDI-A (300mg), anhydrous potassium carbonate (4g)i 
diroetlyi sulphate (iml) and dry acetone (4^0mL) was r©fluxed on a water fcath 
for about 12hr. A small portion of the react ion mixture was taken out in a 
t e s t tube and tes ted for a l e , FeCl_ react ion, RefLuxing continued u n t i l i t 
gave a negative a l e . FeGl_ t e s t . I t was then f i l t e red and the residue washed 
several times with hot acetone. The f i l t r a t e and washings were combined and 
evaporated to dryness. The yellov? residue washed 2-3 times with petroleum 
ether and theai taken up in chloroform (lOOml) into a separatory funnel and 
washed several times with water. The chloroform solution dried over anhydrous 
sodium stilphate, concentrated and purifj-ed on a s i l i c a gel column using 
chloroform as the eluant . I t was f ina l ly purif ied by preparat ive- layer chro-
matography to yield a white solid which c rys ta l l i zed from CHCl -MeOH as 
colourless p la tes (I95mg), m,p. 211-213°, R^ 0,57, Xmax ^ ° ^ 228,274,336nm 
Vmax"-^^^-'- 1670,1645,1620,1580,1530cm'"'', Found: 0,66.4; H,5.09, Mol.wt.654(ffiass),| 
Reqd, for C^^^^O^^: 0,67.9; H,5.2 
1 9 1 
NMR (CDC1-): Values onTScale: 
2.90 (d, J = 9Hz, 2H, H-1 -2S6 ' ) ; 3.41 (d, J = 9Hz, 2H, B - 1 - 3 ' , 5 ' ) ; 
3.81 (d, J = 3H2, lH,H-I-8); 3.88 (d, J = 3Hz, 1H, H-I-6); 3.74 (s , lH,H-II -6) j 
3.54 (s,1F,H-.ll-3); 2.6 (q,J^ = 9Hz, J^ = 3Hz, 1H, H - I I - 6 ' ) ; 2.85 (d, J = 3Hz, 
1H, H- I I -2 ' ) ; 3.20 (d, J = 9Hz, 1H, H - l I - 5 ' ) ; 4 . l6 (d, J = \ZEz, 1H, H-I-2) ; 
5.08 (d, J = 12Hz, 1H, H-I-3); 6.08 (s,3H, OMe); 6.12 ( s , 3H,0Me); 6.l7(s,3H,0M( 
6.19 (3,6H, 2 OMe) J 6.36 ( 3 , 6 H , 2 OMe). 
I~2' .11-3 ' . 1 - ^ . 1 - ^ ' .II-V« .11-5.1-6 ' . n^7 -0c t aace tv l chalcone CI-0C.II-8:3flavhne! 
A mixttire of GDI-A (l30ing), pyridine (iml) and acet ic anhydride 
(l,5inl) was reflxixed on a water bath for 2hr. The react ion mixture was poured 
onto crushed ice and l e f t overnight* The white solid was f i l t e red , washed 
with water and dr ied . 
I t c rys ta l l ized from chloroform-ethanol as colourless prisms (95ing), 
rB.p. 213-214°. 
NMR (CDC1„); Values onTScale: 
2. 
2.47 (d, J = 9Hz, 2H, H-I-2,6); 3.01 (d, J = 9Hz, 2H H-I-3,5) ; 
3.21 ( s , 1H,H-II-6)- 3.40 (d, J = 3Hz, 1H, H-1-3 ' ) ; 3.52 (d, J = 3H2, lH,H-I-5') 
2.15 (q, J^ = 9H2, Jg = 3Hz, 1H, H - I l - 6 ' ) ; 2.10 (d, J = 3Hz, 1H, ! ^ I I - 2 ' ) ; 
2.68 (d, J = 9Hz, 1H, H-II-5'),- 3.38 ( s , 1H, H-II-3) ; 3.92(s, 1H, H-X-p )• 
7.62 (3, 3H, 0Ac)j 7.69 (s , 3H, OAc); 7.70 ( s , 3H, OAc); 7.72 ( s , 6H, 2 OAc); 
7,78 (s , 6H, 2 OAc); 8.08 (s , 3H, OAc), 
I I~3M-/^ ' . 1 1 - ^ ' . I-5.Il-5.I-7.II-7-Heptah.vdroxy Cl~3.11-83 bi£lavanone(GB-2a) (GDI-
Fraction GDI-B gave an amorphous solid i^g), m.p, 225°, R„ 0.45 (TEFF), 
EtOH ^ ^ . ^ 
A max 292,329 ( inf l . )Vmax 3300 (OH) and 1650cm (fLavanone CO). Found: 
M (mass), 558.1192. C^Q HggO^^. Required 558.1162. 
I I - 2 ' .11-3.1- / . ' .11-/1.1-5.IX-6' .I-.7.Il->^«T0cta-0>meth,vlflaYanonen:-3.II-3ach«,lcone: 
GDI-B (250mg), dimethylsulph8.te (iml) and anhydrous potassium carbonate 
(3g) were refluxed in dry acetone (300 ml) for l8hr . The react ion mixture on 
pur i f icat ion ^^ preparative - l ayer chromatography yielded a yellowish white 
sol id vjhich crys ta l l ized from GHGI_-MeOH as colourless cubes (200mg)j 
m.p. 237-238°; R .^ 0.79; >max^^^^ 230,285,35Qnm; Mol.wt. 670 (M"^, S 8 " 3 8 ° i r 
NMR (CDCl^); Values onT Scale; 
4.02 (d, J = 2Hz, 1H, H-I-6)j 3.93 (d, J = 2Hz, 1H, H-I-8); 
3.92 ( s , 1H, H- I I -5 ' ) ; 2.72-3.14 (m, 5H, including a chalcone olef in ic proton, 
H- I -2 ' , 6 ' ,H -H-2 ,6 ) ; 3.30-3.50 (m, 4H, including a chalcone olef in ic proton, 
H- i -3« ,5 ' , H - n - 5 ) ; 4.10 (d, J = 12Hz, 1H, H-I-2); 5.36 (d, J = 12H2, 1H, H-I-3); 
6.42 ( s , 6H, 2 OMe); 6.47 (s , 6H, 2 OMe); 6.54 (s , 6H, 2 OMe); 6.62 (s, 6H, 2 OMe). 
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GDII; 
GDI! was foxmd to be the mixture of ementoflavone and BGHj-j.^  by 
TLG examination of GDII and i t s completely methylated product, 
GDII on acetylat ion and then fract ional c rys t a l l i za t ion gave an 
acetate GDII A which was analysed for BGEj.^ ^ ace ta te , 
GDII-Methvl ether; 
A mixture of GDII (250mg), anhydrous potassium carbonate (2.5g) and 
MeoSO,(lml) in dry acetone (300 nO.) was refluxed on a water bath for I4hr. 
After usual work up and TI/3 examination (BPF), the methylated product showed 
the presence of hexamethyl e thers of amentofLavone and HfflL^^ (R^ value and 
charac te r i s t i c shade in W l i g h t ) . Both the components were separated using 
preparat ive-layer chromatography and label led as GDIIfl and GDIIiyL-.. 
I-4» ,11-4' , I -5 ,II-5,I-7,II-7-Hexa-0-methylC I - 3 S I I - 8 3 biaavone (GDIIM ) : 
Crystal l ized from CHGl^ -M OH as colourless needles (40mg), m,p. 175°, 
H^ 0 .41 . 
Nm (CDC1-): Values onTScale: 
3.58 (d, J = 3Hz, IH, H-I-8); 3.70 (d, J = 3Hz, 1H, H-I-6); 
3,42 (s , IH, H-II-6); 3.52,3.48 (a, IHeach, H-I-3), H-II-3) ; 2.10 (q, J^ = 9Hz, 
Jg = 3Hz, IH, H- I -6 ' ) ; 2.16 (d, J = 3Hz, 1H, H- I -2 ' ) ; 2.94 (d, J = 9Hz, IH, 
H- I -5 ' ) ; 2.65 (d, J = 9Hz, 2H, H - I I - 2 ' , 6 ' ) ; 3.27 (d, J = 9Hz, 2H, H - l l - 3 ' , 5 ' ) j 
5.95 Cs, 3H, 0Me-II-5)j 6.10 (s , 3H, OMe-I-5); 6.18 (s , 3H, OxMe-I-7); 6.24 
( s , 3H, 0Me-II-7)j 6.28 ( s , 3H, OMe-I-4'h 6.29 (s , 3H, OMe-II-4'). 
1-4',11-4',1-5,11-5,1-7,11-7-Hexa-O-methylflavanone C I - 3 , I I - S 3 flavonsCGDIIR.): 
Crystal l ized from GHGl^ -MeOH as coloTorless cubes (I05iag); m.p. 250-251°; 
R^ 0.46; M"^ , 624, ^j,^^-^^-^^ 
Nm (CDC1_): Values onTScale: 
2.95 (d, J = 9Hz, 2H, H - I - 2 ' , 6 ' ) ; 3.44 (d, J = 9Hz, 2H, H - I - 3 ' , 5 ' ) ; 
2.40 (d, J = 9Hz, 2H, H - I I - 2 S 6 ' ) ; 3.20 (d, J = 9Hz, 2H, H - I I - 3 ' , 5 ' ) ; 3.90 (d, 
J =2Hz, 1H, H-I-6); 3.70 (d, J = 2Hz, 1H, H-I-8); 3.82 (s , 1H, H-II-6); 
3.59 (s, 1H, H-II-3); 4.30 (d, J = 12Hz, 1H, H-I-2)j 5.20 (d, J = 12Hz, 1H, H-I-3 
6.12 (s, 3H, OMe); 6,14 (s , 3H, OMe); 6.17 (s , 6H, 2 OMe); 6.20 (s , 3H, OMe) j 
6.40 ( s , 3H, OMe). 
1-2' .1-4 .1-4 ' .11-4' .11-5.1-6' .II-7-HeDtaacetvl chalcone Ll-o(.II-83£lavone(QDIIA^ 
GDII (100 mg), pryridine (inO.) and acet ic anhydride (l.5niL) were 
refluxed on a water bath for 2hr. The reaction mixture was cooled to room 
temperature and poured onto crushed i ce . The solid was f i l t e red , washed with 
water and dr ied. On repeated c rys t a l l i za t ions from CHGl_-MeOH, i t gave colourless 
needles (65mg), m,p, 205-207°. 
1 j ) 5 
NMR (CDC1-): Values onTScale: 
2,50 (d, J = 9Hz, 2H, H-I-2,6) ; 3.04 (d, J = 9Hz, 2H, H-I-3,5)j 
2.04 (d, J = 9Hz, 2H, H-I I -2« ,6 ' ) j 2.84 (d, J = 9Hz, 2H, H - I I - 3 ' , 5 ' ) ; 3.44 (d, 
J = 2Hz, 1H, H- I -3 ' ) ; 3.56 (d, J = 2Hz, 1H, H- I -5 ' ) ; 3.27 ( s , 2H, H-II-6, 
H-II-3) ; 3.96 (s , 1H, H - I - p ) j 7.66 (s , 3H, OAc); 7,72 (s , 3E, OAc)j 
7.76 (s , 6H, 2 OAc); 7.82 (s , 6H, 2 OAc); 8.11 ( s , 3H, OAc). 
I-^ ' . I~5.II~5.I>7.II-7-Fentahvdroxy flavaBone CI~3.II~8J chronpne CGDIII ' ) ; 
Crystal l ized from CHCl„-StOAc as yellow minute c rys t a l s (120 mg), 
m.p. 300°, R^ 0.31 (BPF),Amax ^®°^ 265, 295nm. 
I . .A' .I-5.II-5.I-7.II-7-Penta-0-nBthylflavanone 111-3.11-83 chronpne fGOIIIM^! 
GDIII (75nig), anhydrous potassium carbonate ( l .5g) and dimethyl-
sulphate (0.5ml) in dry acetone (150ml) were refluxed for l6 hr. The mixture 
on usual work up and pur i f ica t ion by preparat ive- layer chromatography yielded 
a white so l i i which crys ta l l ized from CHCl„-Me0H as colourless cubes (58mg); 
m.p. 149-151''; R^ 0.45; M"^ 518, G^^E^^O^, 
NMR (CDC1-); Values o n t S c a l e : 
3.94 (d, J = 2Hz, 1H, H-I-6); 3.90 (d, J = 2Hz, 1H, H-I-8); 3.80 ( s , 
1H, H-II-6); 2.92 (d, J = 9Hz, 2H, H-I -2 ' ,6«) ; 3.36 (d, J = 9Hz, 2H, H-I-3 ' ,5«) ; 
2.62 (d, J = 6H2, 1H, H ; - I I - 2 ) ; 4.03 (d, J = 6Hz, 1H, H-II-3); 4.32 (d, J = 12Hz, 
1H, H-I-2); 5.26 (d, J = 12Hz, 1H, H-I-3); 6.14 (s , 6H, 2 0Me)j 6,22 ( s , 3H, 
OMe); 6.26 (s , 3H, OMe); 6.36 (s , 3H, OMe). 
l y - s 
ARAUCABIA CUMINGHAMII AIT 
Extraction of biflavanoids ftrom the leavss of Araucaria cunnlnghamii; 
Dried and powdered leaves of Araucaria cunninghamii (5 kg) were 
refluxed with petroleum ether (4D-6O ) for 12hr, The extract was decanted 
off and then treated with fresh quantity of petroleum ether and refluxed 
again for I2hr. The combined extracts were concentrated first at atmDspheric 
pressure and then under diminshed pressure, whereby an oily green residue was 
left behind, which gave negative test for flavanoid and was, therefore, rejected. 
The treated leaves were exhausted v/ith boiling acetone till the 
extract was almost colourless. The combined acetone extracts were concentrated 
first at atmospheric pressure and then utnder reduced pressure. A gummy dark 
green mass was obtained. This was treated successively with petroleum ether, 
benzene, chloroform and water to remove non-flavanoidic and resinous matters. 
The insoluble mass was dissolved in alcohol and dried under reduced pressure. 
A solid green residue (6g) was obtained, which responded to the usual colour 
test for flavanoids. 
Purification of Blflavanoid Mixture - Column Chromatography; 
The crude mixttare of biflavanoids (6g) was dissolved in dry acetone 
(60nil) and waa added to a column (l50cm long and 50mffi in diamater) containing 
magnesium silicate (Woelm; • 250g) as an adsorbent in petroleum ether (4O-6O ), 
vjl 
After development of the coltunn, i t was eluted with organic solvents in 
the increasing order of po la r i ty . The r e s u l t s are given in Table-XXIX. 
T A B L S - XXIX 
Solvent Nature of the product 
1. Petroleian ether (4JO-60°) 
2. Benzene 
3. Chloroform 
4. Bthyl acetate 
5. Ethyl acetate(saturated 
with water) 
6. Acetone 
7. Ethyl alcohol 
green oily product, 
green gummy mass 
green waxy product 
yellow solid (l.5g) 
yel3-Ow solid (0,75g) 
brown solid (0,5g) 
brownish gumn^ r mass 
Fractions obtained with ethyl acetate, ethyl acetate (saturated with water) 
and acetone gave positive colour tests for flavanoids. 
Separation of Biflavanoid Mixrbure-Preparative-Layer Chj?omatogra,phy; 
The three fractions obtained with ethyl acetate, ethyl acetate 
(saturated vdth water) and acetone were combined. Thin-layer chromatographic 
examination of the product, indicated the presence of seven components (3^F), 
The crude solid (2.75g) was dissolved in pyridine and subjected to preparative 
layer chromatography. The components were separated and t h e i r homogeneity 
checked again by TLG, The separated-components were label led as ACu.-R^ 0»27; 
ACug-R^ 0,37; ACu^-R^ 0,43j ACu,-R^ 0,54; AGu^-R^ 0 .6 l ; ACu^-R^ 0,75 and 
ACu~-R^ 0,77. The complexities of a l l the fractions were studied by TLG 
examination of t he i r ful ly methylated products, 
I -4«,I I -4 ' , I -5 , I I -5 , I I -7-Pentahydroxy-I-7-0-methyl C l - 6 , I I - 8 a bifLavone(ACu ) : 
Crystal l ized as yellow needles (l30mg) from CHGl -EtOH; 
m.p. 310°; R^ 0,27;^max^^"'^°^^ 278, 399nm, (N/500 liaOEt) 285, 372, 398nm; 
Mol. wt. 552 (M" )^. 
NNR (CD^)gGO, Values onTScale: 
2.04 (d, J = 9Hz, 2H, B - I - 2 S 6 ' ) ; 2.95 (d, J = 9H2, 2H, H - I - 3 ' , 5 ' ) ; 
2.41 (d, J = 9Hz, 2H, I t . I I - 2 ' , 6 ' ) ; 3.38 (d, J = 9Hz, 2H, H - I I - 3 ' , 5 ' ) ; 3.16 ( s , 
1H, H-I-8); 3.28 (s , 1H, H-II-6); 3.40, 3.6l ( s , 2H,E.I-3 & H-II-3); 0,8-1.2 
(3H, 0 H - I - 4 S I I - 4 ' , I I - 7 ) ; -3 .07 , -3 .3 (2H, 0H-I -5 , I I -5) ; 6.13 ( s , 3H, OMe-1-7). 
1-4 ' , I I -4 ' ,1 -5 ,11-5 , I I -7-Pentaace toxy-I -7-0-methylCl-6 , I I -8a biflavone(ACu A): 
Anhydrous AGu. (60mg), Pyridine (iml) and acet ic anhydride (iml) 
were heated on a water bath for 2hr. The react ion mixture was cooled and poured 
onto crushed ice . The white sol id was f i l t e r ed , washed with d i s t i l l e d water 
and dr ied . I t was c rys ta l l i zed from CKCl^ -EtOH in the form of colourless needles 
U3 
(35mg); m.p. l63-l65° ( l i t . m.p. l65-l68°)j Mol. wt. 762 (M"^). 
NMR (CDGI3), Values onT Scale? 
2.08 (d, J = 9Hz, 2H, H - I - 2 ' , 6 ' ) ; 2.62 (d, J = 9Hz, 2H, H - I - 3 ' , 5 ' ) ; 
2.50 (d, J = 9Hz, 2H, H - I I - 2 S 6 ' ) ; 2.94 (d, J = 9Hz, 2H, H - I I - 3 S 5 ' ) j 3.00 
( s , 1H, H-I-8), 3.01 (s , 1H, H-II-6)j 3.38, 3.42 (s , 2H, H-I-3, H-lI-3) j 
6.20 ( s , 3H, OMe-I-7); 7.56 (s , 3H, OAc-II-5); 7.66 (s , 3H, OAc-I-5); 7.76 
(3, 3H, 0Ac-II~4'); 7.86 ( s , 3H, OAc-I-4'); 7.91 ( s , 3H, OAc-II-7). 
I - 4 S I I - 4 S I - 5 , I I - 5 , I - 7 , I I - 7 - H e x a - 0 - m e t h y l C l - 6 , I I - 8 3 biflavone (AGu^M); 
A mixture of ACu. (50 mg), anhtjrdrous potassium carbonate (lg) and 
methyl iodide (l.5inl) in dry acetone (l50ml), was refluxed for 22hr, The 
reaction mixture was f i l t e red and the residue washed with hot dry acetone. 
After d i s t i l l i n g off the solvent from the f i l t r a t e , a yellow solid was l e f t 
behind, Thj-S was taken up in chloroform. The chloroform solution was washed 
several times with water in a separatory funnel. I t was concentrated and 
purif ied by preparative-layer chromatography, A white homogeneous product 
was obtained which crys ta l l ized from CHGl_-Me0H as colourless needles (30mg); 
m,p. 160-162°; R„ 0,45 (BPF)j Mol. wt. 622 (M"*"), 
20 
NMR (CDC1_), Values onTScale: 
2.12 (d, J = 9Ez, 2H, E . I - 2 S 6 ' ) ; 2,99 (d, J = 9Hz, 2H, H - I - 3 ' , 5 ' ) ; 
2.63 (d, J = 9Hz, 2H, H-II-2«,6»); 3.22 (d, J = 9Hz, 2H, H-I I -3 ' ,5 ' )> 3.06 
(s , 1H, H-I-8)j 3.36 (s , 1H, H-II-6)j 3.47, 3.49 ( s , 2H, B.I -3 , H-II-3) ; 6.26 
(s , 3H, OMe-I-4'); 6.22 ( s , 3H, OMe-II-4'); 6.14 ( s , 3H, 0^5e-I-7); 6.12 
( s , 3H, OMe-II-7); 6.41 (s , 3H, OMe-I-5); 5.93 (s , 3H, OMe-II-5). 
AGti^: 
AGUg was foTond t o be the f ix ture of hinokifLavone and naonomethyl 
ethers of amentoflavone and cupressuflavone by TLC exandnation of AGup and 
i t s completely methylated product. 
ACUg (90mg) was subjected to COD separation (282 t ransfers) 
between ethyl methyl ketone and a borate buffer of pH 9.SO. The main par t 
was recovered from tubes 141-185 (70mg) and label led as ACUpX. 
I-4«,II-4« ,1-5,11-5,I-7-Pentaacetox3'^-II-7-0-methylCI-3SII-8D biaavone(ACUpXA) : 
- i . frf I, , 
A mixture of ACu^ X (70mg), pyridine (l.5nil) and acet ic anhydride 
(1.5ml) was heated on a water bath for 2hr, After usual work up, i t was 
c rys ta l l ized from GHCl~-MeOH as colourless needles (60 mg). 
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NI« (CDClJ, Values onTScale: 
1.99 (q, J^ = 9Hz, Jg = 3Hz, 1H, H- I -6 ' ) ; 1.99 (d, J = 3Hz, 1H, 
H- I -2 ' ) ; 2.48 (d, J = 9Hz, 2H, H - I I - 2 ' , 6 ' ) ; 2,53 (d, J = 9Hz, 1H, H-I -5 ' ) j 
2.74 (d, J = 3Hz, 1H, H-I-8); 2.95 (d, J = 9Hz, 2H, H - I I - 3 S 5 ' ) ; 3 . l6 (d, 
J = 3Hz, 1H, H-I-6)J 3.23 (s , 1H, H-II-6)i 3.41, 3.33 ( s , 2H, H-I-3,H-II-3)j 
6.09 ( s , 3H, OMe-II-7); 7.44, 7.50 ( s , 6H, OAc-I-5) 0Ac-II-5)j 7.62, 7.6S 
( s , 6H, OAc-I-4', OAc-II-4'); 7.95 ( s , 3H, OAc-I-7). 
1-4', 1-5,11-5,11-7-Tetrahydroxy-II-4' ,I-7-di-0-m9thyl [11-6,11-83 bi£lavDne(Aflu3J ; 
I t was c rys ta l l i zed from CHCl_-MeOH as yellow needles (l20mg), 
m.p. 212-213°; R^ 0.43;?Sinax^^*°^^ 277, 337nin; (N/500 NaOEt) 287,382 ( in f lex) , 
403nm; Mol. wt. 566 (M" )^. 
1 -4 ' , I -5 , I I -5 , I I -7-Te t raace toxy- I I -4 ' , I-7-di-0-methyl C I - 6 , I I - 8 3 bifLavone(ACu^A): 
A mixture of ACu» (60ing), pyridine (l mL) and acet ic anhydride 
(l nil) was heated on a water bath for 2hr, I t was cooled and poured onto 
crushed i ce . The white solid was f i l t e red , washed and dr ied. I t was c rys ta l l i zed 
from GHCl -MeOH as colourless needles (40mg), m.p. I8 l - l83° , Mol. wt, 734 (M"^). 
NMR (CiXJl ) , Values onTScale: 
2.08 (d, J = 9Hz, 2H, H - I - 2 ' , 6 ' ) j 2.73 (d, J = 9Hz, 2H, H-I -3 ' ,5 ' )5 
2.60 (d, J = 9Hz, 2H, H - I I - 2 ' , 6 ' ) j 3.19 (d, J = 9Hz, 2H, H - I I - 3 ' , 5 ' ) ; 2.99, 
3.02 ( s , 1H each, H-I-8, H-II-6); 3.38, 3.46 ( s , 1H each, H-I-3, H-II-3); 
'i02 
6.21 ( s , 3H, OMs-I-7); 6,24 ( s , 3H, 0Me-II-4 ') j 7.86 (s , 3H, OAc-I-4'); 
7.91 ( s , 3H, 0Ac-II-7)j 7.67 ( s , 3H, 0AG-I-5)i 7.56 ( s , 3H, OAc-II-5). 
1 - 4 ' , I I - 4 S 1-5,11-5,1-7,II-7-Hex^O-insthyl CI -6 , I I -8D biflavone(AGu3l): 
A mixture of AC u^ (60 mg), anhydrous potassium carbonate (2g), methyl 
iodide (l ml) and dry acetone (lOOml) was refluxed for 12hr, vdth further 
addit ion of methyl iodide (0.5 na) and potassium carbonate (0.5g) af ter Jthr, 
The react ion mixture was f i l t e red and the solvent recovered. The yellow 
residue, af ter usual work up, was c rys ta l l i zed from ethanol as colourless 
needles (40 mg), m.p. 162-164°, Mol. wt. 622 (M"*"), 
NMl (GDG1_), Val^QS onTScale: 
2.12 (d, J = 9Hz, 2H, H - I - 2 ' , 6 ' ) ; 2.99 (d, J = 9Hz, 2H, H - I - 3 ' , 5 ' ) ; 
2.63 (d, J = 9Hz, 2H, H - I I - 2 ' , 6 ' ) j 3.22 (d, J = 9Hz, 2H, H - I I - 3 S 5 ' ) ; 3.06 (a, 
1H, H-I-8). 3,36 (s , 1H, H-II-6)j 3.47, 3.49 ( s , 2H, H-I-3, H-II-3)j 6.26 ( s , 
3H, 0Me-I-4')j 6.22 (s , 3H, OMe-II-4'); 6.14 (s , 3H, 0Me-I-7)j $.12 ( s , 3H, 
OMe-II-7); 6.39 ( s , 3H, 0Me-I-5)j 5.93 ( s , 3H, OMe-iI-5). 
ACu,: 
JL. 
ACu, was found to be the mixture of monomethyl ether of hinokiflavone 
4 
and dimethyl ethers of amentoflavone and cupressuflavone by TLC examination of 
AGu, and its con5)letely methylated product, ACu. (98mg) was subjected to CCD 
separation (293 transfers) between ethyl methyl ketone and a borate buffer (pH 10,0( 
•i 0 3 
Two main fractions ACu.X. (tubes 66-95, 45 mg) and ACu.Xg (tubes 106-145,4-3ing) 
were obtained. Both the fract ions were acetylated for NMR studies . 
I I - 4 ' , I - 5 , I I - 5 , I - 7 , T e t r a a c e t y l - I - 4 ' , I I -7 -d i -0 -ma thy lC l -3 ' ,11-8 3 biflavone(AGu,X 
Anhydrous ACu-X. (45ing), pyridine (iml) and acet ic anhydride ( l ml) 
A- I 
were heated on a water bath for 2hr. After usual work up i t was c rys ta l l i zed 
from CHCl -MeOH (25mg). 
NMR (GDCl ) Values onTScale: 
2.08-2.1 (q, J^ = 9Hz, Jg = 3Hz, 1H, H- I -6 ' ) ; 2.08-2.1 (d, J = 3Hz, 
1H, H- I -2 ' ) ; 2.56 (d, J = 9Hz, 2H, H - I I - 2 ' , 6 ' ) ; 2.84 (d, J = 9Hz, 1H, H- I -5 ' ) ; 
2.95 (d, J = 9Hz, 2H, H- I I -3 ' , 5 ' )5 2.73 (d, J = 2Hz, 1H, H-I-8); 3.18 (d, 
J = 2Hz, 1H, H-I-6); 3.23 (s, 1H, H-II-6) ; 3.40, 347 ( s , ZE, H-I-3,H-II-3); 
6.13 (s, 3H, OMe-II-7); 6.22 (s , m, 0M^I -4 ' ) j 7.50, 7.56 ( s , 6H, OAc-I-5, 
OAc-II-5); 7.78 (s , 3H, OAc-I-7); 7.73 (s , 3H, OAc-II-4 ' ) . 
1 -4 ' , I I -4 ' , I -5 , I I -5 -Te t r aace ty l - I -7T l I -7 -d i -0 -me thy lC l -8 , I I -8n bifLavone(ACu,X2A) 
A mixture of anhydrous AGu.Xg (45mg), pyridine (l ml) and acetdc 
anhydride (1ml) was heated on a water bath for 2hr, After usual work up i t 
was c rys ta l l i zed from CHCl^ -MeOH (25 mg), m.p. 288-290°, Mol.vrt 734 (M"^). 
•<!0i 
hm {CDGl ) , 60 MHz; Values onTScale: 
2.65 (d, J = 9Hz, 4H, H-l-2 ' ,6 '& H-11-2%6'); 2.94 (d, J = 9Hz, 
4H, H- I -3S5 ' & H - l i - 3 S 5 ' ) j 3.18 (s , 2H, H-I-6, H-II-6) ; 3.45 ( s , 2H, H-I-3, 
H-Il-3) , 6.08 (s , 6H, 0Me-l-7,0Me>II-7); 7.40 (s , 6H, OAc-I-5, OAc-II-5); 
7.64 (s , 6H, OAc-I-4', OAc-II-4') . 
ACu :^ 
ADUr on complete methylation and TLC examination was fo\md to be 
the mixtiire of triroethyl ethers of ementoflavone and cupressuflavone. ACu_(l10mg] 
was subjected to GCD separation between ethyl methyl ketone and a borate buffer 
(pH 9.00). Two main fractions, ACu^ X (60Kig) and ACu^ X^ (25 mg) were recovered. 
Both the fractions were acetylated for NMR s tudies . 
I I -4SI -5 , I I -5 -Tr i ace toxy- I -4 ' , I -7 ,11 -7 - t r i -0 -me thy lC l -8 , I I -8D bifLavoneCACu^X i 
A mixture of anhydrous ACu^ X (60mg), pyridine (I ml) and acetic 
anhydride (1 nil) was heated on a viater bath for 2hr, After usxial work up, 
i t c rys ta l l ized from CHCl_-Ke0H (35nig), m.p. 265°. 
KMl (CDCl.), 60 MHz; Values onTScale: 
6.21 ( s , 3H, 0M©-I-4«); 6,15 ( s , 6H, 0Me-I-7,0Me-II-7); 7.72 
(s , 3H, OAc-lI-4 ') ; 7.47 (s , 6H, OAc-I-5,OAc-II-5). 
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1-5,11-5,1-7-Triaceto3{y-I-4' ,11-4 ' , I l -7 - t r i -0 -ms thy l C I - 3 ' ,11-81 biaavone(ACu^X. 
Anhydrous ACu^ Xp (25 ing), pyridine (0.5ml) and acet ic anhydride 
(0,5 ml) were heated on a water bath for 2hr, Ihe white solid af ter usual 
work up crys ta l l ized from CHCl -MeOH ( l5 mg), m.p. 190-192°, Mol.wt. 706 (M" )^. 
urn (CDClJ 60 MHzj Values onTScale: 
6.24 (s , 3H, OMe-II-7); 6.30, 6.42 ( s , 6H, 0Me-l-4 ' ,0Me-Il-4 ' ) ; 
7.57 (s , 3H, OAc-I-5); 7.46 (3H, OAc-II-5); 7.79 (3H, OAc-1-7). 
I -5 , I I -5- I> ihydroxy-I -4 ' ,11-4 ' , I -7 , I I -7- te t ra -0-methylCl -3 ' ,11-83 bifLavone(AGu^) 
Crystal l ized from CHCl -MeOH as yellow needles (90mg), m.p, 276°, 
Mol.wt. 594 (M"*"). 
I -5 ,II-5-Diacetoxy-I-4 ' ,11-4' ,1-7,11-7-tetra-O-methyl C l - 3 ' ,11-83 biflavone(AGu^A', 
A mixture of ACu^  (50mg), pyridine (l ml) and acet ic anhydride 
(2ml) was heated on a water bath for 2hr, The 'reaction mixtui'e was cooled and 
poured over crushed ice . The solid was f i l t e red , v/ashed, dried and c rys ta l l i zed 
from MeOH-EtOAc as colourless needles (40 mg), m.p. 223-224°, ^bl.wt.678 (M" )^. 
NMR (GDGl ) Values onTScale: 
2.08 (q, J^ = 9Hz, Jg = 3Hz, 1H, H- I -2 ' ) ; 2.B6 (d, J = 9Hz, 1H, H-1-5') 
2.13 (d, 1H, J = 3Hz, H-1-6') ; 2.64 (d, J = 9Hz, 2H, H - I 1 - 2 S 6 ' ) ; 3.23 (d, J = 9Hz 
2H, H - I l - 3 ' , 5 ' ) ; 3.50, 3.44 (s, 2H, H-I & I I - 3 ) ; 3.27 ( s , 1H, H-l l-6)j 3.42 (d, 
6.25 
J = 3Hz, IH, H-l-6)i 3.19 (d, J = 3Hz, 1H, H- I -8 ) ; /6 . l6 , 6.15'., 6.28 (s , 12H, 
0Me-I-4' ,7,0Me-II-4 ' ,7); 7.52, 7.59 ( s , 6H, 0Ac-I-5,0Ac-II-5). 
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I -5 , I I -5-Dihydroxy-I -4SII -4 ' ,1-7,11-7-tetra-0-methyl Cl-S,TI-8abiaavone(ACu„) J 
I t was c rys ta l l i zed from CHCl_-MeOH as yellow needles (85ing), 
m.p, 151 , JDol. wt. 594 (M ) . 
1-5,II-5TDiacetoxy-I-4SII-4 ' ,1-7,11-7-tetra-0-methyl C l - S , I I - 8 3 biflavone(ACu^A; 
A mixture of ACti_ (60 mg), pyridine ( l ml) and acet ic anhydride(2mL) 
was heated on a water bath for 2hr, Jifter usual work up i t c rys ta l l i zed from 
CHCl„-MeOH as colourless needles (40 mg), m.p, 156 , MDI. wt. 678 (M ) , 
NMR (CDGl ) , Values onTScale: 
3.51 (s , 2H, H-I-3,H-l l-3)j 3.19 ( s , 2H, H-I-6,H-II-6) j 2.75 (d, 
J = 9H2, 4H, H - I - 2 ' , 6 ' , H-I I -2 ' ,6«) j 3.22 (d, J = 9Hz, 4H, H - I - 3 ' , 5 ' , H - I l - 3 ' , 5 ' ) 
6.20 ( s , 6H, 0Me-I-7,0fie-II-7); 6.26 ( s , 6H, OMe-I-^ 0M&-II-4); 7.51 (s,6H 
OAc-I-5,OAc-lI-5). 
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